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This article will attempt to clarify 
some points which arise in that branch 
of behavior theory sometimes known as 
the “theory of learning.” Since this pa- 
per is mainly concentrated on meth- 
odological issues, rather than purely 
psychological ones, the discussion of the 
psychological problems will be in gen- 
eral terms, and in particular it will be 
assumed that the problem of “learning” 
can be reduced to the problem of “rein- 
forcement.” There exist various theo- 
ries of reinforcement and those of Hull 
and Tolman will be regarded as repre- 
sentative. It is hoped to show that 
their differences are largely a result of 
different methods of theory construc- 
tion. The contention is that one large 
part of the problem of “learning” 
theory can be clarified by a double 
analysis of existing theories, one from 
a semantic viewpoint and the other in- 
volving a consideration of the place of 
logical constructs. Also overlapping the 
semantic question and greatly relevant 
to the theory builder is the discussion 
between operationism and pragmatic re- 
alism. 

In fact, the general problem is that 
of model making, which in turn leads 
to a comparison of “molar” and “mo- 
lecular” analysis. We hope to show, in- 
deed, that the supplementing of “molar” 
analysis by “molecular” analysis is nec- 
essary for the solution of the problems 
of reinforcement. (“Molecular” will be 
taken in this article in the approximate 


sense of Hull to mean neurological, and 
“molar” to mean “psychological” (12).) 


THE PROBLEM OF REINFORCEMENT 


Theories of reinforcement, such as an 
“expectancy” theory of Tolman or an 
“effect” theory of Hull, may be investi- 
gated both with respect to their differ- 
ences and their similarities. The fact is 
apparent that these two theories repre- 
sent generalizations from different sets 
of experiments which in all probability 
exhibit different aspects of behavior. 
Thus one is tempted to say that the 
two principles of expectancy and effect 
are both lacking in generality and refer 
to “learning” on different levels of ab- 
straction. 

There has been a tendency recently 
for the Hull and Tolman theories to ap- 
proach an agreement (6, 7, 19, 24) 
which may be connected with the mixed 
use of operational and realistic models. 
There is, however, still present some 
measure of disagreement which is the 
direct result of ambiguity involved in 
the use of logical constructs and in the 
use of ordinary language. 

Meehl and MacCorquodale (15) have 
suggested that the ultimate nonverbal 
differences between Hull and Tolman at 
this stage of development hinge on the 
centralist-peripheralist problem and may 
be made to depend on the meaning’ to 
be attached to the word “response.” 
These differences can be traced to dif- 
ferent historical backgrounds of the two 
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theories and thus to the acceptance 
of different philosophical directives for 
model building. 

It is clear that theories may be in- 
adequate for various reasons: (a) They 
may be false as a model of empirical 
events. (b) They may be too specific 
in view of the dimensions of their as- 
sumptions. (c) They may be too gen- 
eral and allow insufficient prediction. 
(d) Differences may arise between theo- 
ries because of their use of apparently 
incompatible models, and in their con- 
fused dimensions and degrees of ap- 
proximation. (e) There may be se- 
mantic confusion in the definitions and 
orders of abstraction, etc. (f) The 
philosophical directives used may be 
different for different models, although 
the directives used may not be explicitly 
stated. Among these reasons, of which 
one or more may apply to any theories, 
Hull and Tolman may seem to disagree 
in (6) and (c). Hull’s degree of defi- 
niteness may be at variance with the di- 
mensions of his assumptions and Tol- 
man’s relative vagueness fails to give 
the necessary Predictability. But it is 
in (d) and especially (e) and (f) that 
we are interested. 

Before the discussion of the disagree- 
ments, it may be worth while to say a 
word on the latest Hull revision (7) 
and its new measure of agreement. It 
is largely in the clear-cut recognition 
that performance and “learning” are not 
identifiable that Hull has moved toward 
a compromise with Tolman. The price 
of identification still adhered to by some 
theorists in essence is to facilitate theory 
operationally at the expense of arbitrari- 
ness. Hull now makes a clear-cut dis- 
tinction between Hp and sEr. This 
paves the way for the view that rein. 
forcement affects sEp and not sHp, and 
that performance is reinforced independ- 
ently of “learning.” The theory can 
then be made to allow for sudden 
changes in performance, which had 


previously been better accommodated 
by the Tolman constructs _involving 
“latent learning,” etc. This step of 
agreement is involved because of the 
implicit acceptance of a mixed opera- 
tional-realistic model in the place of a 
purely operational approach. The next 
step may well be from the other side in 
an attempt to give the Tolman con- 
structs something approaching opera- 
tional definitions. The above is in- 
tended to suggest that in model building 
the use of operationism and pragmatic 
realism are not mutually exclusive, and 
that it is probable that operationism 
should be regarded as a borderline or 
limiting test to an otherwise realist 
model (1, 2, 4, 5, 8, 20, 21). 

Most of the remaining differences be- 
tween Hull and Tolman seem to fall on 
definitions and interpretations of those 
definitions. In particular they appear 
to surround the ambiguity of words such 
as “reinforcement,” “reinforcer,” “re- 
sponse,” etc. Also we can, as Seward 
(19) has done, reduce the differences in 
one aspect to those of constructs like 
“habit formation” on the one hand and 
“mobilization of demand” on the other. 
The conclusion that the constructs used 
are ambiguous and may be interpreted 
in a variety of different ways seems in- 
escapable, and the tracing back of defi- 
nitions leads to different assumptions 
dictated by different a priori directives 
for theory building. These points it is 
now hoped to clarify in turn. 


SEMANTICS, THEORY BUILDING AND 
THE USE or LOGICAL CONSTRUCTS 


The above brief statement of dif- 
ferences over the theory of reinforce- 
ment leads us to reconsider the prob- 
lem of theory building in psychology, 
which in essence is the same as that in 
all other sciences. We have a theoreti- 
cal model which is of course an ab- 
straction from observations of empirical 
events and is couched in verbal terms 
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(sometimes mathematical). The first 
essential point is the fact that com- 
municablé theories in linguistic form in- 
volve abstracting. As Korzybski puts it 


` (9), the “word” is not the “object,” or 


perhaps more generally, our theoretical 
edifice or general model is not the em- 
pirical world. We must clearly distin- 
guish between “designata” (nonverbal 
observable patterns or events), state- 
ments about designata, statements about 
statements, and so on. We cannot as- 
sume that the mirroring of designata on 
our levels of language is unique and un- 
ambiguous or that it sets up in the low- 
est level an isomorphism between lan- 
guage and nonverbal events. 

It is of first importance not to 
identify models and empirical events 
nor to assume that a model is adequate 
to all the variables of the empirical 
events. 

The above analysis is also independ- 
ent of the question whether the lowest 
level of abstraction in the hierarchy be 
defined as observations actually carried 
out (operationism) or as the empirical 
world which is to be observed (realism). 
The fact remains that theory building 
is verbal, and there are many words 
that are ambiguous if considered out of 
specific context. ' These equivocal words 
may be defined in terms of other words, 
but even then we are ultimately led 
back (a difficult process in practice) to 
a set of undefined or ostensively defined 
terms which represent the inevitable 
initial assumptions of our theoretical 
system—assumptions that are ultimately 
guided by a priori philosophical direc- 
tives for theory building. 

The above suggests that apart from 
a haziness involved in the carrying out 
of operations due to some general prin- 
ciple of indeterminacy, there is also an 
arbitrariness and/or haziness right at 
the foundations of our theory. Aware- 
ness of the limitations of our model, 
awareness of the fact that all scientific 


theory involves approximation is the 
first step towards offsetting this basic . 
difficulty—“consciousness of abstract- 
ing” is Korzybski’s term. Kéorzybski’s 
own model (9, Chaps. 25 and» 26), 
called the structural differential, is 
worth close attention, but in the form 
given it seems to represent philosophi- 
cal realism only. We have followed 
Korzybski’s general rule of using quo- 
tation marks about words which appear 
to be obviously indeterminate in mean- 
ing. Thus as Marx (14) has pointed 
out, there is no precise meaning for 
words such as “perception,” “learning,” 
etc. 

We are now led to a consideration of 
“logical constructs.” We accept the 
differentiation of MacCorquodale and 
Meehl (13) with respect to intervening 
variables and logical constructs with 
the warning that there is of course no 
clear-cut point of distinction between 
one and the other. Further we follow 
Marx in his proposition that constructs 
act as platforms of a temporary nature 
which ford gaps in the theory and cloak 
observable which must ultimately re- 
place these constructs. Now since we 
do not* know precisely what sort of 
river the logical construct is bridging, 
there is implicit in its presence a vague- 
ness called “surplus meaning” wherein 
lie both its strength and its weakness. 
There must be here an ambiguity which 
in a general way will vary as to the size 
of the gap to be filled. A great deal of 
the vagueness is overcome or minimized 
when the constructs are used in con- 
junction with operational definitions, In 
the sense in which Hull and Tolman 
use constructs this is not always pos- 
sible and we shall discuss this point in 
the last section. 

The result of our criticism of logical 
constructs is to place them, at least 
when used nonoperationally (i.e., realis- 
tically), in a category of “many-mean- 
inged terms” and of ostensively defined 
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or nondefined basic terms of our. verbal 
system. At every one of these points in- 
tervene private and personal usage and 
looseness of fit engendered by a priori 
philosophical directives: (a) mechanis- 
tic, (b) teleological, etc. 

One further point is the well-known 
difficulty of mixed models. In physics, 
for example, the electron may be re- 
garded as particle or wave, but cannot 
be regarded as completely one or the 
other. This is quite satisfactory as long 
as one is “conscious of abstracting” and 
is using a different model for different 
dimensions. In psychology, on the other 
hand, teleological models and mechanis- 
tic models, even realist and operational 
models, tend to be regarded as mutually 
exclusive. This seems quite incorrect 
and would appear to be the result of 
lack of knowledge and understanding 
of theory building. 


A Way Our 


The foregoing analysis presents some- 
thing of an impasse. The claim is that 
our models are confused in some re- 
spects, particularly with respect to their 
levels of abstraction and dimensions; 
that there is a degree of ambiguity aris- 
ing in at least three different levels due 
to the use of “many-meaninged terms,” 
“logical constructs,” and to the inevi- 
table existence of “undefined terms.” 
Much of the vagueness has been re- 
moved from such subjects as physics 
due to the use of the relatively precise 
language of mathematics and to the 
consciousness of dimensions. The high 
degree of vagueness could be diminished 
in psychology, even in terms of our 
verbal models, if we were able to state 
more precisely the existing variables and 
also increase the number of observables. 
Thus the continual replacement of logi- 
cal constructs is necessary; and while 
many may be transformed into opera- 
tionally valid intervening variables, the 
ability to do this, which is involved 
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anyway in the ultimate replacement of 
constructs, must depend on the increase 
in the number of observables. ‘Further, 
since the bulk of constructs in learning 
theory appear to refer to “organic 
states,” this appears to constitute the 
clearest evidence for increased concen- 
tration on “molecular” levels of analysis. 

In the above context, the constructs 
such as “cognitive maps,” sEp, slp, are 
obvious examples. They are necessi- 
tated by the distinction between “per- 
formance” and “learning.” The proc- 
ess of reduction to intervening variables 
by operational definition or to complete 
replacement in both cases implies an in- 
crease in the number of variables, and 
thus in the degree of observability. 

Apart from this immediate aspect, it 
is clear that “molar” analysis by itself 
is quite insufficient for the adequate 
analysis of the bulk of behavior prob- 
lems. It is true that it is a vital part, 
as “molecular” analysis alone may be 
inadequate. But it seems certain that 
there must also remain in “molar” 
analysis alone a degree of approxima- 
tion, uncertainty, etc., altogether too 
crude to answer many of the vital ques- 
tions demanded of behavior theory. 

“Molar” analysis on its own seems to 
contribute to the vagueness inherent in 
the use of logical constructs. It is too 
much like trying to use 6-ft, planks to 
bridge 24-ft. gaps. The cure for this, 
in part, must, of course, depend on tech- 
nological advances such as improved in- 
struments of observation, and also the 
extension of psychological experiments 
to “molecular” analysis on a larger 
scale. 

The above propositions suggest that 
the answer to Postman’s three ques- 
tions (16): 

(1) What is the agent responsible for 

reinforcement? 

(2) What is it that is reinforced? 

(3) What is the basic mechanism of 

reinforcement? 
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may begin with question (3) rather than 
(1) and (2) as is suggested by Seward’s 
recent atialysis (19). Thus Wolpe’s (27, 
28) approach, although perhaps over- 
simplified, has much to recommend it. 

“Consciousness of abstraction,” ap- 
preciation of dimensions and the nature 
of approximations and degrees of errors, 
coupled with a sound knowledge of sys- 
tem building, would seem to constitute 
the greatest safeguard in the effort to 
overcome the semantic problems. These 
will also be simplified, however, with 
the integration of further levels of ab- 
Straction and isolation of variables, 
which will perhaps allow the use of 
mathematical language for a great many 
of the basic problems of behavior theory. 
The realization that there are points for 
the inclusion of personal tastes in pres- 
ent theory building may go some way 
to stop arguments between groups whose 
views are complementary and capable 
of synthesis, rather than mutually ex- 
clusive. 

The next step would seem to involve 
considerably greater attention to gen- 
eral system-theory; for clearly the 
theory as a whole, at all levels of sci- 
ence, will affect the parts as well as the 
whole. The point is illustrated here by 
the claim of Von Bertalanffy (25, 26) 
that “teleology” is a formulation de- 
rived from a closed thermodynamical 
system which when used in an open sys- 
tem becomes devoid of meaning. A 
somewhat similar problem over the word 
“purpose” arose in the discussion be- 
tween Taylor (22, 23) and Rosenbleuth 
and Wiener (18). This last discussion 
illustrates well the one particular form 
of semantic confusion that may, if un- 
clarified, vitiate scientific theory. The 
clarifying points made by Rosenbleuth 
and Wiener are particularly instructive, 
especially the fact that degree of cau- 
sality implies a form of analysis, i.e., 


Statistics and probability theory, and: 


that the use of a term like “purpose” 


arises as an artifact of abstraction and 
depends on the characteristics of the. 
model as a whole. 

Krech’s recent analysis (10, 11) seems 
particularly fruitful in view of what has 
been said. The construct “dynamic sys- 
tem” is rooted in neurology and is stated 
in a form favoring the necessary re- 
ducibility—ultimately, of course, to en- 
docrinology, colloidal chemistry, etc. 

Two further points may be mentioned. 
Pratt’s analysis of psychological theory 
(17, 20) points out that all science has 
the same subject matter. This view is 
implicit in the foregoing analysis and 
the truth of Pratt’s contention is a 
starting point for an extension of all 
scientific theory to the level of general 
system theory on the one hand, and to 
the differentiating detail of type of 
model and dimensions of our particular 
areas on the other. The second awk- 
ward point of testability (3) or verifi- 
ability, etc. has been omitted from this 
note; the belief here is that the awk- 
wardness is largely removed by seman- 
tic analysis; otherwise it goes beyond 
the scope of this paper. 

All that has been said in this paper 
is in essence programmatic. It is hoped 
to build more positively and specifically 
upon this analysis in a later paper. It 
seems to the writer that a program of 
“integration of science” is more urgent 
at this time than a greater specificity 
with respect to particular models. 


REFERENCES 


1. Bripcaman, P. W. The logic of modern 
physics. New York: Macmillan, 1927. 

2. BripoMan, P. W. The nature of some of 
our physical concepts, I, II, and III. 
Brit, J. Phil. Sci., 1951, 2, 5-7. 

3. Carwar, R. Testability and meaning. 
Phil. Sci, 1936, 3, 419-471; 1937, 4, 1- 
40. 

4. Divctr, H. A theory of measurement. 
Brit. J. Phil. Sci., 1950, 1, 5-26. 

5. Ferct, H. Existential hypotheses. 
Sci., 1950, 17, 35-62. 


Phil. 


. 


e* 
~ ° 


6 o F. H. GEORGE 


6. Hurt, C. L. Principles of behavior. New 
York: D. Appleton-Century, 1943. 

Hurt, C. L. Behavior postulates and 
corollaries—1949. Psychol. Rev., 1949, 
57, 173-180. 

8. ISRAEL, H., & GOLDSTEIN, B. Operationism 
in psychology. Psychol. Rev., 1944, 
51, 177-188. 

9. Korzypsx1, A. Science and sanity. Edi- 
tion II. Lancaster, Penna.: Science 
Press, 1941. 

10. Krecu, D. Dynamic systems, psychologi- 
cal fields, and hypothetical constructs. 
Psychol, Rev., 1950, 57, 283-290. 

11. KrecH, D. Dynamic systems as open 
neurological systems. Psychol. Rev., 
1950, 57, 345-361. 

12. Lirrman, R. A. & Rosen, E. Molar and 
molecular. Psychol. Rev., 1950, 57, 58- 
65. : 

13. MacCorquopate, K., & Mernt, P. E. On 
a distinction between hypothetical con- 
structs and intervening variables. Psy- 
chol. Rev., 1948, 55, 95-107. 

14. Marx, M. H. Intervening variable or hy- 
pothetical construct? Psychol. Rev., 
1951, 58, 235-247. 

15. Meent, P. E., & MacCorquopare, K. 
Some methodological comments con- 
cerning expectancy theory. Psychol. 
Rev., 1951, 58, 230-233. 

16. Posrman, L. The history and present 
status of the law of effect. Psychol. 
Bull., 1947, 44, 489-563. 

17. Pratr, C. C. The logic of modern psy- 
chology. New York: Macmillan, 1939. 


af 


18. 


19. 


20. 
21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


ROSENBLEUTH, A., & WIENER, N. Purpose- 
ful and non-purposeful behavior. Phil. 
Sci., 1950, 17, 318-326. 

Sewarp, J. P. Secondary reinforcement 
as tertiary motivation—a revision of 
Hull’s revision. Psychol. Rev., 1947, 
54, 1-8. 

Symposium on Operationism. Psychol. 
Rev., 1945, 52, 241-294. 

Symposium on Existential Hypotheses. 
Phil. Sci., 1950, 17, 2. 

Taytor, R. Comments on a mechanistic 
interpretation of purposefulness. Phil. 
Sci., 1950, 17, 310-317. 

Taytor, R. Purposeful and non-purpose- 
ful behaviour: a rejoinder. Phil. Sci., 
1950, 17, 327-332. 

Torman, E. C. Cognitive maps in rats 
and men. Psychol. Rev., 1948, 55, 
189-208. 

von BERTALANFFY, L. An outline of gen- 
eral system theory. B. J. Phil. Sci, 
1950, 1, 134-165. 

von Bertatanrry, L. The theory of open 
systems in physics and biology. Sci- 
ence, 1950, III, 23-29. 

Wotre, J. An interpretation of the ef- 
fects of stimuli (patterns) based on cur- 
rent neurophysiology. Psychol. Rev., 
1949, 56, 284-291. 

Worre, J. Need-reduction, drive-reduc- 
tion and reinforcement—a neurophysio- 
logical view. Psychol. Rev., 1950, 57, 
19-26. 


[MS. received October 15, 1951] 


ar ‘`Á ee > 


-J 


Psychological Review 
Vol. 60, No. 1, 1953 


PHYSICAL PSYCHOLOGY 
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PREDOMINANT TRAITS OF SYSTEMATIC 
PsycHOLoGY 


The dominant feature in psychologi- 
cal theories during the last two decades 
seems to have been a concern for logi- 
cal precision, with the object of fashion- 
Ing a structure like physics. As physics 
has its logical constructs, so psychology 
has developed a great variety of hypo- 
thetical concepts and intervening vari- 
ables, generated in this case by the psy- 
chologists’ efforts to organize behavior 
or “experiential” data, and having no 
Other necessary reference. In some cases 
even the language describing the data is 
of a sort peculiar to psychology. Much 
Tesearch has been guided by this kind 
of thinking, though not all of it. Some 
deals only with physically defined vari- 
ables. It is the purpose of this paper to 
explore the rationale for this latter kind 
of work and see whether it might be 
Seneralized. To designate this sort of 
thinking conveniently the term “physi- 
cal psychology” is suggested+ 

This situation in psychological theory 
Seems to have come about because of 

© severe criticism during the 1920's 
of the uninhibited “neurologizing” which 
Was then current. In an excess of cau- 
tion, many writers undertook to con- 
Struct a pure science of behavior as 
though no other knowledge existed. So 
We have terms like drive (Hull, 5), 
Psychic force (Lewin, 8), cognitive 
Maps (Tolman, 16), conflict (Miller, 
10 » etc., terms which refer only to the 


feng al empiricists have, of course, recom- 
a ed “physicalism” for some time, but they 
ented gone so far as the position here pre- 
he kin Probably they would not insist upon 
ae a of reduction here advocated. There- 
a phy oeems advisable to distinguish between 
Ysical and a physicalist psychology. 
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class of data they were constructed to 
explain. Somewhere in the domain of 
science, no doubt, there must be a 
choice of nonreducible terms, but it is 
not necessary that each particular sci- 
ence should make a new choice. The 
semantic clarity and sophistication of 
the enterprise are, of course, a great 
merit of the recent psychological writ- 
ing. But the application of scientific 
methodology to the subject de novo, as 
it were, is a procedure which has per- 
haps already led us as far as it can. 
Instead of seeking the ideal of a science 
like physics, we might do well to try 
making psychology a part of physics, or 
more precisely, a part of the body of 
general science which regards reduci- 
bility as an obvious requirement of a 
good theory. 

With as much elbow room as non- 
reducibility allows it is not surprising 
that theorists can execute a wide variety 
of maneuvers. But there arises a sus- 
picion, at least, that there is no unique 
solution when the theorist is allowed 
such an open field. Paradoxically theo- 
ries are too easy to make. If a theorist, 
having taken a few peeks at the data, 
selects a set of hypothetical constructs 
and uses them in his equation (mathe- 
matical or verbal) which predicts the 
data, he is restricting himself somewhat, 
but probably not enough to exclude al- 
ternatives. Another set of equations 
with different terms might accord with 
the same facts, or facts that are so 
nearly the same as to be nondiscrimin- 
able. If this suspicion is correct, there 
will be no “crucial” experiments within 
the sphere of behavior to decide be- 
tween a good number of theories.? Each 


2 Meehl and MacCorquodale (9) find this is 
true of the Hull and Tolman theories. 
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one will be able to assimilate any pos- 
sible facts. 

For one who is committed to an in- 
dependent behavioral science there re- 
mains only an appeal to parsimony or 
elegance. Although theories are usu- 
ally believed by their advocates to have 
these qualities, an explicit demonstra- 
tion of them is uncommon. The prin- 
ciple of simplicity is in fact not very 
simple to apply. It is not very clear 
whether one should try to minimize con- 
structs, assumptions, propositions, or all 
of these. In any case, to apply the 
principle of parsimony, a definite field 
of observations needs to be marked out; 
for if one is to compare two explana- 
tions, it must be certain that they cover 
the same territory. In general, one 
theory may be expected to operate 
more conveniently in one part of a 
field, another in a different part. To 
evaluate them one needs to decide 
which part is more important and how 
much awkwardness here is equal to how 
much awkwardness there. It is no 
wonder that psychologists shrink from 
such a comparison. Parsimony is doubt- 
less needed as a last resort in the phi- 
losophy of science, but it does not offer 
an attractive short cut. 


THE POSSIBILITY or PHYSICALLY 
RESTRICTED THEORY 


Conceivably, a unification of theory 
could be achieved by fiat if writers 
would agree to one particular set of 
logical fictions. At periods in the his- 
tory of psychology, something of the 
sort seems to have happened; periods 
which have been the dullest and least 
profitable of all. For scientific Progress, 
it seems one must be able to consider 
alternatives and have some criterion for 
deciding between them. 

The criterion here proposed is the 
observability of the thing hypothesized 
instead of merely the observability of 
the behavioral consequences. Only those 
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constructs would be tolerated which 
could be reduced to those of physical 
science. To illustrate: “Hunger drive” 
defined as an influence on behavior 
generated by lack of food is a construct 
which is not restricted by such a rule 
(Spence, 14). On the other hand, a 
blood sugar deficiency as a possible con- 
necting link between food deprivation 
and certain behavior is a construct of 
the second kind. (Although constructs 
would be reducible to the ultimate ones 
of physics, they need not, of course, be 
so reduced on all occasions.) 

Such a rule narrows the area in which 
a theorist may grope, and in so doing, 
confers a number of benefits. With it 
psychology can form junctions with the 
underlying sciences. In modern times, 
chemistry, geology, biology, and physi- 
ology, for example, have for the most 
part restricted themselves to explana- 
tory constructs of the “reducible” sort. 
They have, as it were, extended the 
domain of physics into their fields; or 
to put it better, they have had a good 
deal of success constructing one general 
science with the same language through- 
out. In an earlier time they did not al- 
ways proceed so, but now constructs 
like entelechy, valence, and central ex- 
citatory state have vanished or acquired 
a “physical” meaning. On the other 
hand, in the social sciences, the use of 
“free” constructs seems to be rather 
prevalent. In these, as one would ex- 
pect, there is not much connection be- 
tween one science and another, nor even 
sometimes between one topic and an- 
other in the same science.* So, if psy- 


3To be sure, there have been complaints 
that the biological sciences, for instance, are 
wanting in general unifying principle, and, 
therefore, fail to be truly scientific. A “sys- 
tem of physiology” would, indeed, now fall 
upon the ear like an echo from antiquity. Yet 
blundering about as they may be in compari- 
son to mathematics or physics, these empirical 
sciences nevertheless have their triumphs and 
are hardly to be despised as models of con- 
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chological theorists can work under the 
restraining rule, there is a chance that 
the field of general science will spread 
into the realm of psychology, while lines 
of communication with the older prov- 
inces are kept open. 

One way to reach this Utopia of uni- 
fied science would be to start with a 
likely set of “behavioral” constructs, by 
hypothesis give them an independent 
meaning, and proceed to experimental 
test. A behavioral theorist would pos- 
tulate a variable which has such and 
Such a relation to behavior, to the 
eee: or to both, and thereby set 

€ problem for the physiological ex- 
perimeter of discovering, somewhere in 
GH Organism presumably, an actual con- 
as or event which has the stated re- 
ey md An enterprise of that sort has 
h n been favored; it seems to be the 
(ha of some “behavioral” theorists 
omy and even physiological psy- 
tak ogists (11), (3) appear content to 

€ their framework from behavioral 
oF and try to fill it with physiologi- 
referents. Krech (7) complains that 

e theorist in such a proceeding gives 
aol rimenter no clue about where to 
fen He may also send the experi- 
Wlated on a fool’s errand. For the pos- 
a a construct may belong to a set 
les is only one of a great number of 
z natives, only one of which could 
on a physiological meaning. By good 
the ne the experimenter might hit upon 
ie Tight formulation. But to proceed 
bee to give up the guidance extra- 
Si avioral knowledge may offer in the 
ao choice of concepts: a guidance 
y ich we badly need if the preceding 
e marks are correct. To put that knowl- 
tizin out of mind in psychological theo- 
ie while hoping for later independ- 
f a crinication seems rather like a game 
~ arts played blindfold. Later inspec- 
If they have a unifying principle, it is 


the self 
-denying principle of using only gen- 
eral scientific Ge i i 


tion may show the aim was good, but 
why play that way anyhow? k 

Instead, the originator of explanatory 
concepts can be guided by the rule that 
they should have an operational mean- 
ing outside the realm of behavior. The 
theorist, in other words, would construct 
a hypothesis with a much broader set of 
facts in mind; indeed all the facts that 
are represented by the “physical” con- 
structs he would use as the behavioral 
events he is theorizing about. Of neces- 
sity his freedom is reduced, as the fore- 
going argument would have it. Another 
of the effects would be to place physio- 
logical and behavioral psychology on 
the same footing: physiological psy- 
chologists would no longer strain their 
wits to find a physical lineage for 
constructs of pure Olympian birth. 
Perception, emotion, motivation, habit 
strength, expectancy, and other terms 
which offer names for ignorance (or 
maybe a trifle more) would probably 
disappear. 

Other criticisms of these concepts 
could be made: It may be difficult to 
make such terms very definite by any 
means at all. But, since they are not 
meaningful in a physical sense, they 
would fail to meet this canon for ex- 
planatory concepts, however well speci- 
fied in some other way. 

Terms which would fit the proposed 
restriction would surely be physiological 
in good part, but not altogether so. 
Physiological terms would be needed in 
place of properties of the individual 
(permanent and temporary) that are 
mentioned or implied in so many theo- 
ries, and in place of hypothetical proc- 
esses that take place between stimula- 
tion and response. Theories might re- 
fer, for example, to oxygen level or 
hormone content of the blood, neural 
conduction characteristics, or state of 
contraction of such and such muscles, 
as intervening between a certain stimu- 
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lus and its response, or determining one 
or another kind of response to a stimu- 
lus. (There is no reason, of course, 
why theories should be restricted to the 
nervous system.) 

But the psychologist also needs to de- 
scribe external factors that influence be- 
havior. His task as a whole would be 
simply to uncover the chain of events 
which leads to a given action. The im- 
mediate precursors will be within the 
organism, of course, but the chain will 
certainly extend to events in the world 
outside. It is likely, further, that the 
chain will be found to cross the border 
of the skin repeatedly if it is traced far 
enough. These external events may be 
called stimuli for convenience (though 
the name seems rather misleading), but 
in any case there would be no reason 
for demarking them very sharply from 
the internal events. Both would be 
treated the same way. The physical 
psychologist would need to make hy- 
potheses about these external events as 
well as about those inside, and here the 
appropriate concepts would be either 
immediately physical or reducible to 
physical through the inorganic sciences. 

The outside world seems such a solid 
thing that some theorists feel that they 
can lay all their burdens on it. But 
when overlaid with psychological port- 
manteaus like valences, psychic dis- 
tances, stimulus functions, and sign- 
gestalts, the solid terrain seems to van- 
ish beneath the waves and leave the 
baggage floating. These abstractions 
are derived, evidently, from observa- 
tions on behavior in the same manner 
as those which seem to refer to the or- 
ganism, and they suffer from the same 
indeterminacy. For a “stimulus” (ex- 
ternal event) to qualify under the 
proposed canon, it would have to be 
something which an experimenter could 
ascertain without there being any or- 
ganism for it to work on. 
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BEHAVIOR DESCRIPTION UNDER A 
REDUCTIVE RULE 


A physical description of the data 
that are the starting point of psycho- 
logical theory would evidently lay the 
groundwork better for a physically 
bound theory. If the latter is a proper 
goal, as has been argued, the first step 
should be in that direction too. But 
unfortunately a great deal of psycho- 
logical data is not given in physical 
terms, even when it might be; and some 
theorists expressly defend the use of 
nonrestricted terms. Cantril (2) pro- 
poses that any sort of descriptive ter- 
minology the Psychologist can think of 
will be a good basis for beginning an in- 
vestigation. If nonphysical terms are 
to be excluded, two questions need an- 
swering: (a) what sort of description 
would result from the application of the 
physical criterion? and (b) what, if 
anything, would be lost by the abandon- 
ment of the nonphysical descriptive 
terms? 

In a sense the physical specification 
of data is unavoidable. The events that 
constitute the subject matter of the sci- 
ence, it is assumed, are the actions of 
individuals; that is, their movements 
and their utterances, and each single 
event has its physical characteristics 
whether noted or not. Even though a 
psychologist should say he is describing 
subjective experiences, he is using the 
utterances and sometimes the actions of 
his observers as indicators, and these 


“have their physical characteristics. Such 


characteristics are available then in all 
data, but they are used in different ways 
in the next stage of the scientific process. 

Because no events apparently are the 
exact replicas of others, the investigator 
must form them into groups on the ba- 
sis of certain resemblances before he 
can continue. It is in this classification 
that psychologists differ in their usage 
and there seem to be three principal 
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a 
bases on which a classification is car- as belonging to the same class. It is 


ried out. 

1. The classification may be explicitly 
based on some physical characteristic of 
the activity which is the response event. 
The plan would be, then, to study the 
class of events marked by a forearm 
flexion, for example, or the exertion of 
a given force, or the occurrence of a 
Certain pattern of muscular or neural 
excitation. The consequences of the 
events would be disregarded in the 
Course of inquiry into the origins. The 
Physical nature of the definition is ob- 
vious in this case. It seems to be the 
kind of procedure that Guthrie (4) has 
recommended. 

2. No less dependent on physical 
Specification is a plan of classification 
Which would group together those events 
Which have the same effect on objects 
around the individual or on the object- 
dividual relationship. On this basis 
i actions resulting in, say, bar press- 
3 8) or the transportation of goods to 
pasiven point, or the approximation of 
E dividual and an object would be 
of ated as unit classes for the purpose 

i Investigating their determiners. This 
nd of classification has been favored 
Y Skinner (13) and Nissen (12). As 
ye ee out, the specifications here 
e Physical also, although they refer to 
ects outside the organism. 
depe A third manner of classification 
Roa on the experimenter’s response 
mad e subject’s behavior, a response 
fee Without explicit rules. The sub- 
nie ee a response and the experi- 
that €r (or another observer) judges 
Bres the response is, for example, ag- 
Do. Sive, or submissive, or insightful, or 

Ssesses any other adverbial quality 

at happens to be of interest to the ex- 
The experimenter, that is 
subi, makes a verbal response to the 

Ject’s behavior and then considers 
ehavior which provokes the same 


Ver] 
bal response from the experimenter 


often thought that in doing so, he is . 
defining classes which have no common 
physical characteristics. But the com- 
mon physical event is present nevesthe- 
less; it is the response of the observer, 
and behavioral events which have simi- 
lar consequences in the observer’s be- 
havior are assimilated to the same class. 

Though all three methods are depend- 
ent upon a physical characteristic, there 
is a question whether they all depend 
upon a physical characteristic of the 
subject’s response. About the first there 
is no question since it is expressly based 
upon such characteristics. The second 
is a little further removed. Whether it 
would be a strategic beginning very 
likely depends on whether the state of 
external affairs has a feedback effect so 
that it continues to act as a stimulus 
until a particular end result is reached. 
To what extent it does can be found 
out, of course, only by experimentation, 
for there seem to be examples of re- 
sponses so controlled and not so con- 
trolled, and it would be very hazardous 
to take for granted the universality of 
either kind of response mechanism. It 
would be a handicap, furthermore, to 
have the response specified in terms of 
external results when they play no role 
in the regulation of the response. 

The third type of response specifica- 
tion starts a long way from the re- 
sponse event. A good many factors 
other than the subject’s response are 
likely to condition the observer’s re- 
sponse. This is partly determined by 
what he is observing, but also no doubt 
a good deal by his vocabulary, his pre- 
dilections, his standards, etc. All such 
things extraneous to subject’s behavior 
would act as “noise” to corrupt the in- 
formation which is desired. Possibly 
there are instances, nevertheless, where 
such reports of observers need to be 
used as a starting point. They may be 
justified on the same ground as the use 
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of the external consequence according 
to the second type of approach. That 
is to say, if the subject persists in a 
line of action until a certain response is 
produced in the observer, it would be 
appropriate to class together subject’s 
responses which lead to the same result 
in the observer’s response. A physical 
account would begin with the observer’s 
final action and describe in physical 
terms what can be seen of the actions 
of both subject and observer leading up 
to it. In sum, there will be a system 
with loose couplings in both directions 
and extra systemic influences entering 
at both points. Experimental or other 
analytic procedure would be necessary 
to uncover what factors in the behavior 
of the two and what outside factors play 
the role of stimuli for the two. 

No barrier therefore stands in the 
way of a physical description of all sorts 
of behavior. The physical aspects are 
there if we but note them. Nor does it 
seem that anything would be lost by 
such tactics except some unprofitable 
entities named by the many adverbs in 
the common language. 

In the course of statistical treatments 
of data which are physically defined in 
the beginning, psychologists may be in- 
clined to forget this humble origin and 
imagine that some statistical abstrac- 
tions represent causal factors underly- 
ing the observations. “Measured” traits, 
whether simply test scores or refined to 
Thurstone factors, sometimes seem to 
have this specious reality, and to pre- 
sent the theorist with the illusory prob- 
lem of how to connect such nonphysi- 
cally defined entities with the realm of 
general science. The original data in 
these cases are, of course, the responses 
people make in taking the tests—tre- 
sponses of putting pencil marks in cer- 
tain blanks rather than in certain others, 
These are physically defined data of the 
second class, which may perhaps be well 
summarized by the statistical abstrac- 


tions, but hardly originated or explained 
by them. 

In very much the same case are the 
dimensional variables that come out of 
psychophysical research. The sensation 
scales of various kinds, loudness, bril- 
liance, volume, for example, are based 
on concepts which are not a part of the 
common scientific language. It is not 
possible to reduce any of them to physi- 
cal units except by means of behavioral 
data. As Bergmann and Spence (1) 
observe, they are logical abstractions 
from behavior data, at bottom just sum- 
mary descriptions of certain responses. 
However useful these may be for some 
purposes, it is still the responses which 
need to be accounted for, not the “as- 
if” world which would account for the 
responses if it had a real existence. If 
one succumbs to the temptation of 
reifying terms like threshold, constant 
error, sensation dimension, he is at- 
tributing the physical responses to non- 
physical variables. 

In hoping for more valid measures of 
such things, Stevens (15), for example, 
implies that they exist independent of 
the responses (yes-no utterances in a 
discrimination experiment). This is a 
Proposition which surely ought not to 
be taken for granted. A hunt for the 
physical parallels of these entities (the 
“physical dimensions of consciousness”) 
would very likely have the same out- 
come as a polar expedition to discover 
St. Nicholas. 


Tue GENERAL EFFECTS OF A 
PHYSICAL PROGRAM 


A psychology written entirely in the 
common scientific language would differ 
a good deal from general psychology as 
it is now presented and eliminate much 
that is now discussed as psychological 
theory. At the outset the burden of 
distinguishing psychology from physi- 
ology on the basis of source or kind of 
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data, scale of data, a method or pur- 
pose of study would be lifted. 

Another “burden which psychologists 
would no longer be obliged to sustain 
would be the definition of the present 
main categories of psychology. These 
chapter headings, such as perception, 
motivation, emotion, personality, etc., 
seem troublesome to most writers al- 
ready, and here and there some of them 
on been discarded, e.g., by Keller and 
* a (6). , No doubt these words 
G : aerteted intended as names for 
ca entities, but writers at present 
Rin z to avoid such a naive refer- 
T s i: onsequently, at the beginning 
= ich topic a writer or lecturer will 

y, in effect, “Now I shall speak about 
Men But, of course, you are to 
ie stand that there really is no such 
on as ——___.” The terms, of 
e, are not reducible to physical 
ie and have to be treated as 
lhe constructs or self-defining de- 

Iptions, 
ae categories would replace these 
it pe asa basis for organization, 
Bia require a prophet to say. But, 
ice case the content would be state- 

D hs the connections between 
HR ysical conditions in the environ- 
and aa the physiological, physical, 

So €mical conditions and events in 
eae. and (c) the physical con- 

Nees. It is impossible to answer 
epi “What category and con- 
PON Would replace such and such a one 
Sey in use?” Jt is not likely that any 
old Pe would exactly replace an 
Would b. indeed, in such a case; tliere 
Sue be little gain. One may hazard a 
an ed in a particular instance to serve as 

illustration. With the abandonment 
cea ration” as a category, the con- 
in th of “motive” or “drive” defined 
also oot roundabout fashion would 
à aa Some of the experimen- 
could ults now handled with these terms 

Possibly be assembled into a topic 


“persistent systemic physical and chemi- 
cal states affecting responses.” This 
would include an account of the effects 
of nutritional states, hormonal condi- 
tions, temperature states, etc., present- 
ing material now included in the discus- 
sion of motivation. It would also con- 
tain material on the effects of oxygen 
deficiency, fatigue products, bacterial 
toxins, etc., which are not generally put 
into chapters on motivation (or in any 
other chapters for that matter). 

In this exposition, certain material 
now discussed under the topic of mo- 
tivation would be out of place. It 
would hardly include experiments which 
are concerned with the effect of electric 
shock on learning, for example. Nor 
would there be any reason to speak of 
“conflict” since physical and chemical 
states do not war with one another. 
“Ego maintenance” is obviously not in 
the physical universe of discourse. The 
facts now assembled under these sub- 
heads would be put under some other 
general topics. 

Thus, it will be seen, the insistence 
upon physical science would probably 
result in a different organization of pres- 
ent material. If the argument here of- 
fered is correct, it would, when facts are 
available, come nearer to producing a 
definite psychology. Of course, the re- 
sult for a long time to come would be 
much less tidy than the systems now 
in vogue. For with restricted construc- 
tions no single insight, however bril- 
liant, is likely to reveal the theory of 
everything, nor a few simple postu- 
lates to imply all the complexities of 
life. Although there is nothing to pre- 
vent speculation from outrunning facts 
by a great distance, performances of 
this sort could not but seem rather ec- 
centric. The sprint might too easily be 
in the wrong direction. 

The use of physical concepts in psy- 
chology brings to mind earlier proposals 
such as those offered by the behaviorists 
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several decades ago. But their reason- 
ing seems to have been different, their 
position apt to be sustained by little 
more than an appeal to tough-minded- 
ness, In practice there was too fre- 
quently a simple “physicalizing” of old 
concepts. The terms “instinct” and 
“emotion,” for example, were merely 
asserted to refer to bodily states. The 
traditional, vaguely defined categories 
and processes were taken as the start- 
ing point and a likely-seeming physio- 
logical process was proposed as their 
substance. This physiologizing of old 
psychology is, of course, a different un- 
dertaking from the construction of a 
physically reducible psychology from 
the beginning. In other words, early 
behaviorists were not sufficiently radical. 

General psychology written according 
to the physical prescription is some- 
thing yet to appear. Experiments in 
these terms are nevertheless not want- 
ing. Many experimental reports seem 
to have little connection with any cur- 
rent psychological structure, but their 
implicit object seems to be the kind of 
behavior analysis here projected. Fur- 
ther, physical information can often be 
extracted from its bed in alien theory. 
Indeed, if the foregoing analysis is cor- 
rect, the experimenter will actually have 
identified the data by physical specifi- 
ations and he will often state them even 
when he considers them unimportant. 
The formulation of physical theory for 
the fields of Psychology thus seems pos- 
sible. Naturally the most persuasive 
evidence would be the systematic appli- 
cation of it even to a small area where 
it had not been used before. It seems 
as though it would work. The argu- 
ment for the path offered here is basi- 
cally one of expediency; it is a route 
which promises more in the long run. 
And expediency, of course, is relative. 
Where there is yet no map referring to 
the Greenwich meridian (or even to any 
coordinates), stories of the region may 


not be quite useless—so long as they do 
not merely instruct the traveler to fol- 
low his nose. But the explorer will want 
to replace them as soon as possible with 
readings of compass and transit. 
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A GRADIENT THEORY OF MULTIPLE-CHOICE LEARNING 
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Ever since Yerkes (14) modified 
arnllton’s (2) apparatus for studying 
earning behavior, the multiple-choice 
method has provided psychologists with 
a rich profusion of facts and a theoreti- 
a problem. It would be hard to point 
© an area outside the field of sensory 
ey that matches this one for 
pers of data and paucity of theory 
a to account for any considerable 
o ne the data. Yerkes’ original view 
ats at multiple-choice learning re- 
ne e ation, Hunter (4) dissents 
os this view. Washburn (12) holds 
aed the middle-door problem, in 
ae the middle one of, say, three 
oe the correct choice, requires 
hey on, and that the end-door prob- 
ioe volves only a simple position 
wih + Burtt (1) also takes this stand 
aA ed to the end-door problem, 
Suppo Pence (9) believes that “strong 

ae may be found for the view.” 
Laine Is certainly the case is that the 
is, pacer problem is harder than the 

at Rr Problem. It is, in fact, harder 
and th € alternate end-door problem 

D e second-door-from-end problem. 

quote Spence’s review (9) of experi- 
ental results; 


ny One subject, a European siskin 1 
mida] as been reported able to solve the 
( nee problem. Four chimpanzees 
Monk ailed in this problem, as did one 
Probles (13) and two pigs (16). The 

fe next in difficulty, the alternate- 
ina OOT, Was successfully solved by two 
cay (16), one of two monkeys (13), and 
only One of four chimpanzees. Likewise, 

One chimpanzee of four was able 


m 


R 

ma aed by Webster’s Unabridged as: “a 

lowis} ae palled, chiefly greenish and yel- 

Tope a ch (Spinus spinus) of temperate Eu- 
nd Asia, allied to the goldfinch.” 
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to succeed with the second-door-from-end 
problem (13). This latter was also solved 
by three monkeys (13 and 10), two pigs, 
a skunk (5) and a marten (5). It proved 
too difficult for the orangutan (13) and 
two white rats (1). All subjects tested, 
chimpanzee, orang, monkey, pig, cat, white 
rat, and crow, have been reported as suc- 
ceeding with the simple end-box problem. 


The question remains: Why is the 
middle-door problem more difficult than 
the end-door problem? It may be sub- 
jectively satisfying to laymen and psy- 
chologists alike to say that in the mid- 
dle-door problem the animal is confused 
by the doors ‘on either side in a way 
that it is not confused in the end-door 
problem, but this skirts the issue. Why 
is it more confused? It seems similarly 
inadequate to say that the middle door 
is “imbedded” to a greater extent than 
the end door. Indeed, such hypotheses 
as these are hardly more than photo- 
graphs of the problem. Underwood 
(11), though he has no well-developed 
theory, regards multiple-choice learning 
as a species of concept formation, but 
this, of course, does not explain why the 
middle-door concept is harder to form 
than the end-door concept. . It may be 
of some help to say, with Washburn and 
Burtt, that the one involves ideation 
and the other requires only a simple po- 
sition habit, but whatever virtues such a 
dichotomous theory may have, it is cer- 
tainly less parsimonious than a theory 
that explains the results on a single ba- 
sis. Moreover, the theory of Washburn 
and Burtt runs counter to the wide- 
spread suspicion among psychologists 
that chimpanzees are brighter than 
siskins. 

Another fact about multiple-choice 
learning is one mentioned by Under- 


‘at e 
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wood (11) and also by Munn (6), 
- which is that human subjects find it 
very difficult to solve a multiple-choice 
problem when the correct choice alter- 
nates about the middle; that is, for ex- 
ample, when the correct choice in a five- 
choice apparatus is No. 2 on the first 
trial, No. 4 on the second trial, No. 2 
again on the third trial, etc. As far as 
the present writer knows, no theory has 
yet been advanced to account for this. 

A third phenomenon that needs ex- 
plaining is the way in which chimpan- 
zees shift from the correct response on 
one problem to the correct response on 
a following problem. Spence (9) noted 
that the animals made the change gradu- 
ally. If the former correct response had 
been to the second door from the left 
end of a six-door setting, and the cor- 
rect door in the new problem is the 
second door from the right-end door of 
seven doors, the chimpanzees, after fail- 
ing to get reinforcement at the formerly 
correct door, shift from left to right, 
trying each door in succession. 

A fourth phenomenon of multiple- 
choice learning, and one also remarked 
on by Spence (9), is the rather curious 
fact that in shifting from one correct re- 
sponse to another, all the chimpanzees, 
without exception, exhibited a tendency 
to overshoot the mark. For example, 
in the hypothetical case just mentioned, 
instead of stopping at door No. 6, the 
correct door, the animal, after being re- 
warded at that door, proceeds to door 
No. 7. 

The hypothesis advanced here at- 
tempts to account for all four of these 
phenomena: (a) the fact that animals 
find the middle-door problem harder 
than the end-door problem, (b) the fact 
that human subjects find it very diffi- 
cult when the correct choice alternates 
about the middle, (c) the fact that in 
chimpanzees the shift from a formerly 
correct response to a new correct re- 
sponse is a gradual approach process, 


and (d) the fact that in so shifting, 
chimpanzees have a tendency to over- 
shoot the mark and respond to the next 
door just after being rewarded at the 
correct door. 

Explanations of other phenomena of 
multiple-choice learning can probably 
also be deduced from the theory, and 
one or two of these will be suggested. 
But the first task is to expound the 
theory and show that the four previ- 
ously mentioned phenomena are pre- 
dictable on the basis of the theory. 

The present hypothesis owes an enor- 
mous debt on the theoretical side to ~ 
Spence’s account (8) of the transposi- 
tion experiment and a scarcely smaller 
debt on the experimental side to 
Spence’s monograph (9) on multiple- 
choice learning in chimpanzees. Like 
its parent theory, this one is based on 
the notion of stimulus generalization, 
and the two theories have four assump- 
tions in common. They assume that 
there is an excitatory gradient about a 
stimulus to which a reinforced response 
has been made. The second assump- 
tion is that an inhibitory gradient is set 
up about a stimulus when responses to 
that stimulus are of reinforced. The 
third assumption is that the excitatory 
gradient has a higher maximum than 
the inhibitory gradient and also has a 
wider extent. The fourth assumption is 
that a response tendency is the alge- 
braic sum of the excitatory and inhibi- 
tory potentials. 

Given the basic assumptions, let us 
now hypothesize some numerical values 
for the gradients. These numerical 
values may be incorrect, but that does 
not invalidate the theory. In order to 
do that they would have to be so grossly 
wrong as not to constitute gradients at 
all. Several different sets of numbers 
no doubt will yield adequate predic- 
tions. The only virtue of these particu- 
lar sets is that they, too, will explain 
the phenomena. Let us assume that 
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EXCITATORY GRADIENT 


& + +S Pay 


INHIBITORY GRADIENT 


o -6 -10 -6 


Fic, 1. Numerical values for excitatory and inhibitory gradients 


the excitatory gradient has a maximum 
of 15 over the correct door; at one re- 
ee it has a value of 11; and it falls 
x rig by the time it reaches the door 
ae © removes from the correct choice. 
e inhibitory gradient is assumed to 
Be a maximum of 10, to fall to 6 at 
ia and to zero at two removes. 
Pee; e two gradients would be as pic- 
Pete in Fig. 1. In computing response 
Aa Neies _the excitatory gradient is 
ie Positive values and the inhibitory 
ee ae negative ones. These values 
a ia icated below the numbered doors. 
a ay be noted that though the excita- 
lone gradient is wider than the inhibi- 
3 y one, it is not wide enough to have 
numerical value at two removes 

&reater than zero. 
po the basis of these hypothesized 
a ae the resultant response tendencies 
e end-door problem in which door 


DOORS —> 


*] GRADIENT ~0 39 
#2. n 26 -10 
#3 u (+) oO al 
RESPONSE TENDENCIES : -16 E 


No. 3 is the correct choice would be as 
depicted in Fig. 2. Thus the correct 
door enjoys an absolute advantage over 
its closest competitor (door No. 2) of 
the difference between — 5 and + 9, or 
14 points. The greater the difference 
between competing response tendencies, 
of course, the easier the learning. 

This difference contrasts sharply with 
the situation that obtains in the much 
more difficult middle-door problem as 
diagrammed in Fig. 3. Here, owing to 
the overlapping of inhibitory gradients 
over the correct (middle) choice, the 
middle door has only the very slight 
advantage of two points over its com- 
petitors.? Thus the first phenomenon 
is accounted for by the theory. 


2If one is interested in the question of 
phylogenetic differences in multiple-choice 
learning, it is just possible that one of the 
answers may lie in this: that higher organ- 
isms are capable of responding to smaller dif- 
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+4 


Fic. 2. Response tendencies for end-door problem 
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#1 GRADIENT -lo 


a h (+) +1 


RESPONSE TENDENCIES :+ | 


-0 (0) 
tI +11 
~b -10 
tS +| 


Fic. 3. Response tendencies for middle-door problem 


To move on to the second phenome- 
non to be explained—namely, why hu- 
man subjects find it so difficult to solve 


ferentials than are lower forms. The rather 
puzzling case of the single European siskin 
will be discussed later, 


#1 GRADIENT -io ~6 


wa" Gy sy Hs 
eZ ou o -6 
#y » o o 


a multiple-choice problem when the cor- 
rect response alternates from side to 
side about the middle on successive 
trials—let us suppose that we have a 
five-choice apparatus in which the cor- 
rect choice is No. 2 on the first trial, 


o o o 
+u o o 
=lọ -6 o 
-6 -lo -6 
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SPONSE 
RESPONEE os tH +3 
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Fic. 4. Response tendencies after first set of trials 
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No 4 on the second, No. 2 again on the 
third, etc. Let us also assume that the 
subjects try all the choices an equal 
number of times. We shall thus call 
the first trial “a set of trials” and com- 
pute the response tendencies after the 
first set of trials as follows (Fig. 4). It 
1S apparent from the response tendencies 
that the least likely response on the 
second set of trials will be door No. 4, 
which is precisely the correct choice. 
Certain response tendencies have ac- 


#1 GRADIENT -\0 sý 

mi -6 -10 
C T 5 " 

ar t Go o 

te n o o 

RESPONSE 


ENDENCIES! -ib -2a 


ACCUMULATED FROM 


responsestendencies make a response to 
door No. 2 (the correct choice) on the 
third set of trials as unlikely as a re- 
sponse to door No. 4 and more unlikely 
than a response to any other goor. 
After the third set of trials door No. 4 
again becomes the least likely; after the 
fourth set door No. 2 again becomes 
equally unlikely with No. 4; and so on 
ad infinitum., In fact, if it were not for 
the presence of other factors in the 
situation, such as the fading of the 


o o o 
-b o o 
-10 -6 o 
+h tis +1 
o =b =|0 
-5 +3 ial 


= -1b 
MIRST SeTorTRmig#) +5 -S aa te 


TOTAL Res 
PONSE 
TENDENCIES -iS -14 


-lo AT 


-\5 


Fic. 5. Response tendencies on third set of trials 


Trmulated from the first set of trials. 
We compute the response tendencies 
that accumulate during the second set 
œf trials and add to them the response 
“Ndencies that accumulated during the 
ist set, we can then make a prediction 
about the likelihood of the correct re- 
ponse (to door No. 2 again) on the 
inatt of trials (Fig. 5). Just as the 
N ibitory potential piled up on door 
Yo. during the first set of trials, so it 
ae Up on door No. 2 during the sec- 

d set with the result that the total 


gradients through forgetting between 
trials, etc., the only thing that would 
make this multiple-choice problem solu- 
ble at all is the circumstance that the 
experimental subjects do not make each 
choice equally often. On the first set 
of trials a subject may make the cor- 
rect response before he makes all the 
incorrect responses, and this will elimi- 
nate for this set of trials one or more ‘of 
the inhibitory gradients. On the second 
set all the different incorrect responses 
may not occur, thus further reducing 
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TABLE 1 


DISTRIBUTION OF CHIMPANZEES’ RESPONSES 
IN A SEVEN-CHOICE APPARATUS 
[from Spence (9)] 


SS 

Subjects 

Bentia 1 | 14 5 

Soda 5 | 13 2 

Mamo 4] 12 4 

Wendy 11 7 2 

Nira 5| 9 6 

Al 5] 6 8 1 

Josie 2 7 8 3 

Cuba 9 | 10 1 

Mona 2 7 8 3 

Pati 4 6 6 3 1 
Total 8 | 60 | 93 | 37 2 


certain inhibitory tendencies. But one 
response that occurs on every set of 
trials is the correct response. Hence the 
excitatory tendencies to make the cor- 
rect response gradually gain strength at 
the expense of the inhibitory tendencies 
that operate to block the correct re- 
sponse. As the theory Predicts, where 
the correct response alternates from side 
to side, learning will occur very slowly. 

While this theory permits of rather 
pat predictions in the cases of the two 
phenomena that have been examined, 
the question of how Sadovinkova’s sis- 
kin (11) was able to solve a problem 
that baffles many chimpanzees is one 
that cannot be answered conclusively 
without knowing exactly what responses 
the bird made and in what order it made 
them. In the light of the foregoing dis- 
cussion it might be suggested that an 
answer may be found by applying a 
gradient theory to the raw data for the 
individual subject. By putting together 
a gradient theory and the fact that a 
subject does not always make all the in- 
correct responses before making the cor- 
rect one, it may be possible to eai 
quite easily all those puzzling phylo- 


genetic reversals such as this one, in 
which a bird can solve a problem that 
many a chimpanzee can not. 

Spence (9), however, was able to get 
chimpanzees to solve the middle-door 
problem. They did not, of course, g0 
to the middle door 100 per cent of the 
time; sometimes they went to other 
doors. But the sample of the data on 
their responses that Spence gives seems 
to lend support to a gradient theory. It 
is reproduced in Table 1. Spence used 
a seven-choice apparatus in which the 
two end doors were blocked off, giving 
him a five-door setting for the problem. 

Apropos of these results Spence re 
marks: 


One very Striking fact revealed in this 
table is the extent to which all of the sub- 
jects tended to respond to one of the three 
middle boxes of the settings, as though 
they had “aimed” their response at the 
middle or center box but lacked precision 
in execution (9, p. 24). 


What strikes the present writer about 
the data is that they are in accord wit 
the gradient theory. To be sure, the 
ratio between 93 and 37 is not quite 
to 1, but almost. And the 8 and the a 
Seem to argue in favor of a wider gradi- 
ent than the one assumed in this paper. 
The only deviation that might militate 
seriously against the idea of a gradient 
is the lack of symmetry in the curve- 
The animals went to No. 3 60 times, as 
against 37 times for No. 5, But this 
tendency to reach to the left may be 
due to nothing more than their being 
repeatedly hand-fed by right-handed 
Psychologists, 

The third phenomenon upon which 
this gradient hypothesis may shed some 
light is the manner in which Spence’s 
chimpanzees changed from one response 
to another. After being taught to re- 
spond to the second from the left end of 
six doors, the animals were switched to 
a problem in which the correct door was 
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the right-end door of seven doors, and 
it was noted that the animals shifted 
over gradually, trying each door in suc- 
cession from left to right, although oc- 
casionally an animal would skip a door. 
Now, while the theory has no ready ex- 
planation for the skipping, it would 
seem in this process of gradual shifting 
that the animals were moving down a 
Stadient, building up inhibition with 
each successive nonreinforcement and 
thus never having a tendency to back 
Up again. Let us say that the animal 
keeps responding to No. 2, which had 
been the correct door, until the inhibi- 
tory potential outweighs the excitatory. 

hen the animal shifts to No. 3 which 
still has some excitatory potential left 
which generalized from No. 2 when No. 
2 was the correct door. Nonreinforce- 
ment at No. 3 piles up inhibition not 
only at No. 3 itself but also at No. 2 
and No. 4 in equal quantities. But in- 
hibition at No. 2 was greater than at 

0. 3, and much greater than at No. 4, 
before the shift, so now No. 4 has the 
8teatest tendency to evoke a response 
and the animal shifts to No. 4. This 
Process is repeated until the chimpan- 
zee finally reaches the end door, which 
'S the correct one, and receives some 
Positive reinforcement. 

The fourth phenomenon to be ex- 
Plained is the tendency of the animals 
to overshoot the mark in shifting to- 
ward the correct door when the correct 
door is the second one from the end. 
All of Spence’s subjects exhibited this 
tendency, If an animal is shifting from 
left to right and the correct door is No. 
4, next to the end door, No. 5, the chim- 
Panzee reaches No. 4, is rewarded, but 
On the next try goes to No. 5 instead of 
Staying at No. 4. Oddly enough, this is 
exactly what the theory would predict. 

et us suppose that in the process of 
Shifting from left to right the animal 
has reached No. 3. In addition to the 
inhibitory potential it-acquired from the 


nonreinforced response to No. 2, No. 3 
now has an inhibitory potential in its 
own right of, let us say, —10. This 
generalizes to No. 4 to the extent of, 
say, — 6, and the gradient falls to,zero 
at No. 5. The animal now makes a re- 
sponse to No. 4 and is reinforced. This 
gives No. 4 an excitatory potential of 
+15 and it generalizes to No. 3 and 
No. 5 to the extent of +11. The re- 
sponse tendencies after the reinforced 
response to No. 4 are thus: 


No.3 | No.4 | No. 5 
No. 2 gradient -ó 0 0 
No. 3 gradient —10|— 6 0 
No. 4 gradient(+) +11 | +15 | +11 
Response tendencies | — 5| + 9| +11 


Hence it can be predicted in spite of the 
reinforcement at No. 4 that the next re- 
sponse will be to door No. 5. After a 
nonreinforced response to No. 5, door 
No. 4 will have the edge, and the ani- 
mal will then make the correct response, 
for No. 3 will then have a resultant 
value of —5, the same as before; No. 4 
will have + 3 and No. 5 will be reduced 
to +1. As far as this phenomenon of 
overshooting the mark is concerned, the 
data seem to be adequately accounted 
for by the hypothesis. 

While this gradient theory appears to 
have some explanatory value, and this 
paper has attempted to show that it 
has, it is not intended that this hy- 
pothesis be contradictory to all other 
theories of multiple-choice learning. It 
does, however, take the problem out of 
the realm of such concepts as ideation 
and link it to such other sorts of learn- 
ing as conditioning and discrimination 
learning, and that much was intended. 
But this 1s not to say that this gradient 
bs i degre: theory of multiple- 

X g. Presumably, multiple- 


choiceTearning, like any other kind of 
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learning, is subject to such factors as 
drive strength, delay of reinforcement, 
amount of reward, etc. (3), and a more 
adequate theory than the Present one 
will be a theory that synthesizes all of 
these things. 

In summary, then, this gradient theory 
of multiple-choice learning assumes that 
responses are the outcome of excitation 
due to reinforcement and inhibition due 
to nonreinforcement. Both excitation 
and inhibition generalize in a gradient- 
like fashion, and they interact in such 
a way that the strength of the response 
tendency is the algebraic sum of excita- 
tion (positive) and inhibition (nega- 
tive). On the basis of this theory, 
explanations are offered for four phe- 
nomena of multiple-choice learning: (a) 
the fact that animals find the middle- 
door problem harder than the end-door 
problem, (b) the fact that human sub- 
jects find it very difficult when the cor- 
rect choice alternates about the middle, 
(c) the fact that in chimpanzees the 
shift from a formerly correct response to 
a new correct response is a gradual ap- 
proach process, and (d) the fact that 
in so shifting, chimpanzees have a tend- 
ency to overshoot the mark and re- 
spond to the next door just after being 
rewarded at the correct door. 
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MICE, MONKEYS, MEN, AND MOTIVES? 
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_ Many of psychology’s theoretical grow- 
ing pains—or, in modern terminology, 
Conditioned anxieties—stem from the 
behavioral revolution of Watson. The 
new psychology intuitively disposed of 
Instincts and painlessly disposed of he- 
donism. But having completed this St. 
Bartholomew-type massacre, behavior- 
Istic motivation theory was left with an 
aching void, a nonhedonistic aching 
Void, needless to say. 

Before the advent of the Watsonian 
Scourge the importance of external 
stimuli as motivating forces was well 
recognized. Psychologists will always 
remain indebted to Loeb’s (21) bril- 
liant formulation of tropistic theory, 
Which emphasized, and probably over- 
emphasized, the powerful role of ex- 
ternal stimulation as the primary mo- 
tivating agency in animal behavior. 

nfortunately, Loeb’s premature efforts 
to reduce all behavior to overly simple 
Mathematical formulation, his continu- 
Ous acceptance of new tropistic con- 
Structs in an effort to account for any 
aberrant behavior not easily integrated 
into his original system, and his abor- 
tive attempt to encompass all behavior 
into a miniature theoretical system 
doubtless led many investigators to un- 

erestimate the value of his experimen- 
al contributions. 

Thorndike (30) was simultaneously 
8iving proper emphasis to the role of 
external stimulation as a motivating 
force in learning and learned perform- 
ances, Regrettably, these motivating 
Processes were defined in terms of pain 

17h. September 3, 
1951, ay che presidential address of the Divi- 
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ago meetings of the American Psychological 


ociation. 
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and pleasure, and it is probably best for 
us to dispense with such lax, ill-defined, 
subjective terms as pain, pleasure, anx- 
iety, frustration, and hypotheses—par- 
ticularly in descriptive and theoretical 
rodentology. 

Instinct theory, for all its termino- 
logical limitations, put proper emphasis 
on the motivating power of external 
stimuli; for, as so brillantly described 
by Watson (31) in 1941, the instinctive 
response was elicited by “serial stimula- 
tion,” much of which was serial ex- 
ternal stimulation. 

The almost countless researches on 
tropisms and instincts might well have 
been expanded to form a solid and ade- 
quate motivational theory for psychol- 
ogy—a theory with a proper emphasis 
on the role of the external stimulus and 
an emphasis on the importance of in- 
centives as opposed to internal drives 
per se. 

It is somewhat difficult to understand 
how this vast and valuable literature was 
to become so completely obscured and 
how the importance of the external 
stimulus as a motivating agent was to 
become lost. Pain-pleasure theory was 
discarded because the terminology had 
suevo philosophical implications 
Instinct theory fel] ; i s 
cause Piok e hoa be 
mized heredity-environment wet ci” 
and, also, because th rece 

» > e term “instinct” 


neor remains a 
mystery, particularly inasmuch as most 


ed out on 


certain experimental and theoretical ma- 
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terials. Jennings’ (14) demonstration 
that “physiological state” played a role 
in determining the behavior of the lower 
animal was given exaggerated impor- 
tance and emphasis, thereby relegating 
the role of external stimulation to a 
secondary position as a force in motiva- 
tion. The outstanding work in the area 
of motivation between 1920 and 1930 
related to visceral drives and drive cy- 
cles and was popularized by Richter’s 
idealized theoretical paper on “Animal 
Behavior and Internal Drives” (26) 
and Cannon’s The Wisdom of the Body 
(3). 

When the self-conscious behavior theo- 
rists of the early thirties looked for 
a motivation theory to integrate with 
their developing learning constructs, it 
was only natural that they should choose 
the available tissue-tension hypotheses. 
Enthusiastically and uncritically the 
S-R theorists swallowed these theses 
whole. For fifteen years they have 
tried to digest them, and it is now time 
that these theses be subjected to critical 
examination, analysis, and evaluation. 
We do not question that these theses 
have fertilized the field of learning, but 
we do question that the plants that have 
developed are those that will survive the 
test of time. 

It is my belief that the theory which 
describes learning as dependent upon 
drive reduction is false, that internal 
drive as such is a variable of little im- 
portance to learning, and that this small 
importance steadily decreases as we 
ascend the phyletic scale and as we in- 
vestigate learning problems of progres- 
sive complexity. Finally, it is my 
position that drive-reduction theory ori- 
ents learning psychologists to attack 
problems of limited importance and to 
ignore the fields of research that might 
lead us in some foreseeable future time 
to evolve a theoretical psychology of 
learning that transcends any single spe- 
cies or order. 


HARLOW 


There can be no doubt that the single- 
celled organisms such as the amoeba and 
the paramecium are motivated to action 
both by external and internal stimuli. 
The motivation by external stimulation 
gives rise to heliotropisms, chemotro- 
pisms, and rheotropisms. The motiva- 
tion by internal stimulation produces 
characteristic physiological states which 
have, in turn, been described as chemo- 
tropisms. From a phylogenetic point of 
view, moreover, neither type of motive 
appears to be more basic or more fun- 
damental than the other. Both types 
are found in the simplest known animals 
and function in interactive, rather than 
in dominant-subordinate, roles. 

Studies of fetal responses in animals 
from opossum to man give no evidence 
Suggesting that the motivation of physio- 
logical States precedes that of external 
incentives. Tactual, thermal, and even 
auditory and visual stimuli elicit com- 
Plex patterns of behavior in the fetal 
guinea Pig, although this animal has 4 
placental circulation which should guar- 
antee against thirst or hunger (4). The 
newborn opossum climbs up the belly 
of the female and into the pouch, ap- 
parently in response to external cues; if 
visceral motives play any essential role; 
It is yet to be described (20). The hu- 
man fetus responds to external tactual 
and nociceptive stimuli at a develop- 
teas erie Preceding demonstrated 
there eae vik motivation, Certainly, 
indicate th, Fee el literature ty 
genetical] ‘nee inal drives ee 
tive RBY more basic than exterocep- 

Ivating agencies. 


stimulation, Particularly of 


drive states. Eun) upon physiological 
J un; 
the threshold for t Es: appears to lower 


responses to tac- 


tual stimuli 
imuli. the main role of 
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the primary drive seems to be one of 
altering the threshold for precurrent 
responses. Differentiated sucking re- 
sponse patterns have been demonstrated 
to quantitatively varied thermal and 
chemical stimuli in the infant only hours 
of age (15), and there is, again, no rea- 
Son to believe that the differentiation 
Could have resulted from antecedent 
Ussue-tension reduction states. Taste 
and temperature sensations induced by 
the temperature and chemical composi- 
tion of the liquids seem adequate to ac- 
Count for the responses. 

There is neither phylogenetic nor 
ontogenetic evidence that drive states 
elicit more fundamental and basic re- 
Sponse patterns than do external stimuli; 
nor is there basis for the belief that 
Precurrent responses are more depend- 
€nt upon consummatory responses than 
are consummatory responses dependent 
Upon Precurrent responses. There is no 
Cvidence that the differentiation of the 
imnate precurrent responses is more 
Sreatly influenced by tissue-tension re- 
duction than are the temporal order- 
ing and intensity of consummatory re- 
SPonses influenced by conditions of ex- 
ternal stimulation. 

There are logical reasons why a drive- 
reduction theory of learning, a theory 
Which emphasizes the role of internal, 
Physiological-state motivation, is en- 
tirely untenable as a motivational theory 
Of learning, The internal drives are 
Cyclical and operate, certainly at any 
effective level of intensity, for only a 
rief fraction of any organism’s waking 
ife. The classical hunger drive physio- 
logically defined ceases almost as soon 
as food—or nonfood—is ingested. This, 
as far as we know, is the only case 1m 
Which a single swallow portends any- 
thing of importance. The temporal brev- 
ity of operation of the internal drive 
States obviously offers a minimal oppor- 
tunity for conditioning and a maximal 
°pportunity for extinction. The human 


o 
being, at least in the continental United 
States, may go for days or even years 
without ever experiencing true hunger 
or thirst. If his complex conditioned 
responses were dependent upon primary 
drive reduction, one would expect him 
to regress rapidly to a state of tuitional 
oblivion. There are, of course, certain 
recurrent physiological drive states that 
are maintained in the adult. But the 
studies of Kinsey (17) indicate that in 
the case of one of these there is an 
inverse correlation between presumed 
drive strength and scope and breadth 
of learning, and in spite of the alleged 
reading habits of, the American public, 
it is hard to believe that the other is 
our major source of intellectual support. 
Any assumption that derived drives or 
motives can account for learning in the 
absence of primary drive reduction puts 
an undue emphasis on the strength and 
permanence of derived drives, at least 
in subhuman animals. Experimental 
studies to date indicate that most de- 
rived drives (24) and second-order con- 
ditioned responses (25) rapidly extin- 
guish when the rewards which theo- 
retically reduce the primary drives are 
withheld. The additional hypothesis of 
functional autonomy of motives, which 
could bridge the gap, is yet to be dem- 
onstrated experimentally. 

The condition of strong drive is in- 
imical to all but very limited aspects of 
learning—the learning of ways to re- 
duce the internal tension. The hungry 
child Screams, closes his eyes, and is 
apparently oblivious to most of his en- 
vironment. 


his curiosity and 

? 

= the learned responses associated with 

h Tamy take place. If this learning 
conditioned to an internal drive state, 
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we must assume it is the resultant of 
backward conditioning. If we wish to 
hypothesize that backward conditioning 
is dominant over forward conditioning 
in the infant, it might be possible to 
reconcile fact with S-R theory. It 
would appear, however, that alternate 
theoretical possibilities should be ex- 
plored before the infantile backward 
conditioning hypothesis is accepted. 

Observations and experiments on mon- 
keys convinced us that there was as 
much evidence to indicate that a strong 
drive state inhibits learning as to in- 
dicate that it facilitates learning. It 
was the speaker’s feeling that monkeys 
learned most efficiently if they were 
given food before testing, and as a re- 
sult, the speaker routinely fed his sub- 
jects before every training session. The 
thesus monkey is equipped with enor- 
mous cheek Pouches, and consequently 
many subjects would begin the educa- 
tional process with a rich store of in- 
centives crammed into the buccal cavity. 
When the monkey made a correct re- 
sponse, it would add a raisin to the 
buccal storehouse and swallow a little 
previously munched food. Following an 
incorrect response, the monkey would 
also swallow a little stored food. Thus, 
both correct and incorrect responses in- 
variably resulted in S-R theory drive 
reduction. It is obvious that under 
these conditions the monkey cannot 
learn, but the present Speaker devel- 
oped an understandable skepticism of 
this hypothesis when the monkeys stub- 
bornly persisted in learning, learning 
rapidly, and learning problems of great 
complexity. Because food was con- 
tinuously available in the monkey’s 
mouth, an explanation in terms of dif- 
ferential fractional anticipatory goal re- 
sponses did not appear attractive. It 
would seem that the Lord was simply 
unaware of drive-reduction learning 

hen he created, or permitted 

theory w. 
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the gradual evolution of, the rhesus 
monkey. 

The langurs are monkeys that belong 
to the only family of primates with sac- 
culated stomachs. There would appear 
to be no mechanism better designed than 
the sacculated stomach to induce auto- 
matically prolonged delay of reinforce- 
ment defined in terms of homeostatic 
drive reduction. Langurs should, there- 
fore, learn with great difficulty. But a 
team of Wisconsin students has discov- 
ered that the langurs in the San Diego 
Zoo learn at a high level of monkey 
efficiency. There is, of course, the al- 
ternative explanation that the inhibi- 
tion of hunger contractions in multiple 
stomachs is more reinforcing than the 
inhibition of hunger contractions in one 
Perhaps the quantification of the gastric 
variable will open up great new vistas 
of research. 

Actually, the anatomical variable of 
diversity of alimentary mechanisms is 
essentially uncorrelated with learning tO 
food incentives by monkeys and sug- 
gests that learning efficiency is far bet- 
ter related to tensions in the brain than 
in the belly, 

Experimental test bears out the fact 
that learning Performance by the mon- 
Key is unrelated to the theoretical in- 
tensity of the hunger drive. Meyer (23) 
tested rhesus monkeys on discrimina- 
tion-learning Problems under conditions 
of maintenance-food deprivation of 1.5; 
18.5, and 22.5 hours and found no sig- 
nificant differences in learning or per- 
formance, Subsequently, he tested the 
Same monkeys on discrimination-re- 
versal learning following 1, 23, and 47 
hours of maintenance-food deprivation 
and, again, found no significant differ- 
ences in learning or in performance as 
measured by activity, direction of ac- 
tivity, or rate of responding. There 
was some evidence, not statistically sig- 
nificant, that the most famished sub- 
Jects were a bit Overeager and that in- 
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tense drive exerted a mildly inhibitory 
effect on learning efficiency. 

Meyer’s data are in complete accord 
with those presented by Birch (1), who 
tested six young chimpanzees after 2, 6, 
12, 24, and 48 hr. of food deprivation 
and found no significant differences in 
Proficiency of performance on six pat- 
terned string problems. Observational 
evidence led Birch to conclude that in- 
tense food deprivation adversely affected 
Problem solution because it led the 
chimpanzee to concentrate on the goal 
to the relative exclusion of the other 
factors, 

It may be stated unequivocally that, 
regardless of any relationship that may 
be found for other animals, there are no 
data indicating that intensity of drive 
state and the presumably correlated 
amount of drive reduction are positively 
related to learning efficiency in primates. 

In point of fact there is no reason 
to believe that the rodentological data 
will prove to differ significantly from 
those of monkey, chimpanzee, and man. 
Strassburger (29) has recently demon- 
Strated that differences in food depriva- 
tion from 5 hours to 47 hours do not 
differentially affect the habit strength of 
the bar-pressing response as measured 

Y subsequent resistance to extinction. 
Recently, Sheffield and Roby (28) have 

€monstrated learning in rats in the ab- 
Sence of primary drive reduction. Hun- 
8ry rats learned to choose a maze path 
fading to a saccharin solution, a non- 
nutritive substance, in preference to a 
Path leading to water. No study could 

etter illustrate the predominant role of 
external incentive-type stimulus on 
€ learning function. These data sug- 
8est that, following the example of the 
Monkey, even the rats are abandoning 
the sinking ship of reinforcement theory. 

The effect of intensity of drive state 
On learning doubtless varies as we as- 
Cend the phyletic scale and certainly 
Varies, probably to the point of almost 


o 
completę reversal, as we pass from sim- 
ple to complex problems, a point em- 
phasized some years ago in a theoretical 
article by Maslow (22). Intensity of 
nociceptive stimulation may be Posi- 
tively related to speed of formation of 
conditioned avoidance responses in the 
monkey, but the use of intense nocicep- 
tive stimulation prevents the monkey 
from solving any problem of moder- 
ate complexity. This fact is consistent 
with a principle that was formulated 


and demonstrated experimentally many 
years ago as the Yerkes-Dodson law 


(32). There is, of course, no reference 
to the Yerkes-Dodson law by any drive- 
reduction theorist. 

We do not mean to imply that drive 
state and drive-state reduction are un- 
related to learning; we wish merely to 
emphasize that they are relatively un- 
important variables. Our primary quar- 
rel with drive-reduction theory is that it 
tends to focus more and more attention 
on problems of less and less importance. 
A strong case can be made for the 
proposition that the importance of the 
psychological problems studied during 
the last fifteen years has decreased as 
a negatively accelerated function ap- 
proaching an asymptote of complete in- 
difference. Nothing better illustrates 
this point than the kinds of apparatus 
currently used in “learning” research. 
We have the single-unit T-maze, the 
straight runway, the double-compart- 
ment grill box, and the Skinner box. 
The single-unit T-maze is an ideal ap- 
paratus for studying the visual capaci- 
ties of a nocturnal animal; the straight 
runway enables one to measure quanti- 


to demonstrate dis- 
, ng in a greater num- 
ber of trials than is required by any 
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other method. But the apparatus, 
though inefficient, give rise to data 
which can be splendidly quantified, 
The kinds of learning problems which 
can be efficiently measured in these ap- 
paratus represent a challenge only to 
the decorticate animal. It is a constant 
Source of bewilderment to me that the 
neobehaviorists who so frequently be- 
little physiological psychology should 
choose apparatus which, in effect, ex- 
Perimentally decorticate their subjects. 
The Skinner box is a splendid ap- 
paratus for demonstrating that the rate 
of performance of a learned response is 
positively related to the period of food 
deprivation. We have confirmed this 
for the monkey by studying rate of re- 
- Sponse on a modified Skinner box fol- 
lowing 1, 23, and 47 hr. of food dep- 
rivation. Increasing length of food 
deprivation is clearly and positively 
related to increased rate of response. 
This functional relationship between 
drive states and responses does not 
hold, as we have already seen, for the 
monkey’s behavior in discrimination 
learning or in acquisition of any more 
complex problem. The data, however, 
like rat data, are in complete accord 
with Crozier’s (6) finding that the 
acuteness of the radial angle of tropistic 
movements in the slug Limax is posi- 
tively related to intensity of the photic 
stimulation. We believe there is gen- 
eralization in this finding, and we be- 
lieve the generalization to be that the 
results from the investigation of simple 
behavior may be very informative about 
even simpler behavior but very seldom 
are they informative about behavior of 
greater complexity. I do not want to 
discourage anyone from the Pursuit of 
the psychological Holy Grail by the use 
of the Skinner box, but as far as I am 
concerned, there will be no moaning of 
farewell when we have passed the press- 


ing of the bar. 
nah the course of human events many 


psychologists have children, and thes 
children always behave in accord with 
the theoretical position of their parents. 
For purposes of scientific objectivity the 
boys are always referred to as “Johnny 
and the girls as “Mary.” For some, 
eleven months I have been observing 
the behavior of Mary X. Perhaps the 
most striking characteristic of this par- 
ticular primate has been the power and 
Persistence of her curiosity-investiga- 
tory motives. At an early age Mary 
X demonstrated a positive valence to 
Parental thygmotatic stimulation. My 
original interpretation of these tactual- 
thermal erotic responses as indicating 
Parental affection was dissolved by the 
discovery that when Mary X was held 
in any position depriving her of visual 
exploration of the environment, she 
Screamed; when held in a position fa- 
vorable to visual exploration of the im- 
portant environment, which did not mi 
clude the parent, she responded posia 
tively.. With the parent and position 
held Constant and visual exploration de- 
nied by Snapping off the electric light, 
the Positive responses changed to nega- 
tive, and they returned to positive when 
the light was again restored. This be- 
havior was observed in Mary X, who, 
like any good Watson child, showed n0 
Innate fear of the dark.” 

The frustrations of Mary X appeared 
to be in large part the results of physi- 
cal inability to achieve curiosity-investi- 
gatory goals. In her second month, 
frustrations resulted from inability tO 
hold up her head indefinitely while 1y- 
ing prone in her crib or on a mat an 


the Consequent loss of visual curiosity 
goals. 


r locomotion, ex- 
> M earnest, and, much 
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to her parents frustration, shows no 
sign of diminishing. 

? Can anyone seriously believe that the 
insatiable curiosity-investigatory moti- 
vation of the child is a second-order or 
derived drive conditioned upon hunger 
or sex or any other internal drive? The 
S-R theorist and the Freudian psycho- 
analyst imply that such behaviors are 
based on primary drives. An informal 
Survey of neobehaviorists who are also 
fathers (or mothers) reveals that all 
have observed the intensity and omni- 
Presence of the curiosity-investigatory 
Motive in their own children. None of 
them seriously believes that the behav- 
lor derives from a second-order drive. 
After describing their children’s behav- 
‘or, often with a surprising enthusiasm 
and frequently with the support of 
Photographic records, they trudge off to 
their laboratories to study, under condi- 
tions of solitary confinement, the intel- 
lectual Processes of rodents. Such atti- 
tudes, perfectly in keeping with drive- 
reduction theory, no doubt account for 
the fact that there are no experimental 
Or even systematic observational studies 
of Curiosity-investigatory-type external- 
Mcentive motives in children. 

A key to the real learning theory of 
any animal species is knowledge of the 
nature and organization of the un- 
learned Patterns of response. The dif- 
€rences in the intellectual capabilities 
of cockroach, rat, monkey, chimpanzee, 
and man are as much a function of the 
differences in the inherent patterns of 
Tesponse and the differences in the in- 
€rent motivational forces as they are 
a function of sheer learning power. The 
ifferences in these inherent patterns of 
response and in the motivational forces 
will, I am certain, prove to be differ- 
€ntial responsiveness to external stimu- 
Us patterns. Furthermore, I am cer- 
tain that the variables which are of true, 
aS opposed to psychophilosophical, im- 
Portance are not constant from learning 
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problema to learning problem even for 
the same animal order, and they are 
vastly diverse as we pass from one ani- 
mal order to another. 

Convinced that the key to human 
learning is not the conditioned response 
but, rather, motivation aroused by ex- 
ternal stimuli, the speaker has initiated 
researches on curiosity-manipulation be- 
havior as related to learning in monkeys 
(7, 10, 12). The justification for the 
use of monkeys is that we have more 
monkeys than children. Furthermore, 
the field is so unexplored that a sys- 
tematic investigation anywhere in the 
phyletic scale should prove of methodo- 
logical value. The rhesus monkey is 
actually a very incurious and nonma- 
nipulative animal compared with the 
anthropoid apes, which are, in turn, very 
incurious nonmanipulative animals com- 
pared with man. It is certainly more 
than coincidence that the strength and 
range of curiosity-manipulative motiva- 
tion and position within the primate 
order are closely related. 

We have presented three studies which 
demonstrate that monkeys can and do 
learn to solve mechanical puzzles when 
no motivation is provided other than 
presence of the puzzle. Furthermore, 
we have presented data to show that 
once mastered, the sequence of manipu- 
lations involved in solving these puzzles 
is carried out relatively flawlessly and 
extremely persistently, We have pre- 
sented what we believe is incontroverti- 
ble evidence against a second-order 
drive interpretation of this learning. 

A fourth study was carried out re- 
cently by Gately at the Wisconsin labo- 
ratories. Gately directly compared the 
behavior of two groups of four monkeys 
presented with banks of four identical 
mechanical puzzles, each utilizing three 
restraining devices. All four food- plus 
puant rewarded monkeys solved the 
our identical puzzles, and only one of 
the four monkeys motivated by curiosity 
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alone solved all the puzzles. This one 
monkey, however, learned as rapidly 
and as efficiently as any of the food- 
rewarded monkeys. But I wish to 
stress an extremely important observa- 
tion made by Gately and supported by 
quantitative records. When the food- 
rewarded monkeys had solved a puzzle, 
they abandoned it. When the nonfood- 
rewarded animals had solved the puz- 
zle, they frequently continued their ex- 
plorations and manipulations. Indeed, 
one reason for the nonfood-rewarded 
monkeys’ failure to achieve the experi- 
menter’s concept of solution lay in the 
fact that the monkey became fixated in 
exploration and manipulation of limited 
puzzle or puzzle-device components. 
From this point of view, hunger-reduc- 
tion incentives may be regarded as mo- 
tivation-destroying, not motivation-sup- 
porting, agents. 

Twenty years ago at the Vilas Park 
Zoo, in Madison, we observed an adult 
orangutan given two blocks of wood, 
one with a round hole, one with a 
square hole, and two plungers, one 
round and one square. Intellectual 
curiosity alone led it to work on these 
tasks, often for many minutes at a time, 
and to solve the problem of inserting 
the round plunger in both holes. The 
orangutan never solved the problem of 
inserting the square peg into the round 
hole, but inasmuch as it passed away 
with perforated ulcers a month after the 
problem was presented, we can honestly 
say that it died trying. And in defense 
of this orangutan, let it be stated that it 
died working on more complex prob- 
lems than are investigated by most pres- 
ent-day learning theorists. 

Schiller ? has reported that chimpan- 
zees solve multiple-box-stacking prob- 
lems without benefit of food rewards, 
and-he has presented observational evi- 
dence that the joining of sticks resulted 
from manipulative play responses. 
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The Cebus monkey has only one claim 
to intellectual fame—an ability to solve 
instrumental problems that rivals the 
much publicized ability of the anthro- 
poid apes (11, 18). It can be no ac- 
cident that the Cebus monkey, inferior 
to the rhesus on conventional learning 
tasks, demonstrates far more spontane- 
ous instrumental-manipulative responses 
than any old-world form. The complex, 
innate external-stimulus motives are 
variables doubtlessly as important as, or 
more important than, tissue tensions, 
stimulus generalization, excitatory po- 
tential, or secondary reinforcement. It 
is the oscillation of sticks, not cortical 
neurons, that enables the Cebus mon- 
key to solve instrumental problems. 

No matter how important may be the 
analysis of the curiosity-manipulative 
drives and the learning which is asso- 
ciated with them, we recognize the vast 
and infinite technical difficulties that are 
inherent in the attack on the solution of 
these problems—indeed, it may be many 
years before we can routinely order such 
experiments in terms of latin squares 
and factorial designs, the apparent sine 
qua non for publication in the Journal 
of Experimental Psychology and the 
Journal of Comparative and Physiologi- 
cal Psychology. , 

There is, however, another vast and 
important area of external-stimulus in- 
centives important to learning which has 
been explored only superficially and 
which can, and should, be immediately 
and systematically attacked by rodent- 
ologists and primatologists alike. This 
is the area of food incentives—or, 
more broadly, visuo-chemo variables— 
approached from the point of view of 
their function as motivating agents per 
se. This function, as the speaker sees 
it, is primarily an affective one and only 


secondarily one of tissue-tension reduc- ~ 


tion. To dispel any fear of subjectivity, 
let us state that the affective tone of 
food incentives can probably be scaled 
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by preference tests with an accuracy 
far exceeding any scaling of tissue ten- 
sions. Our illusion of the equal-step in- 
tervals of tissue tensions is the myth 
that length of the period of deprivation 
is precisely related to tissue-tension in- 
tensity, but the recent experiments by 
Koch and Daniel (19) and Horenstein 
(13) indicate that this is not true, thus 
beautifully confirming the physiological 
findings of thirty years ago. 
Paired-comparison techniques with 
monkeys show beyond question that the 
primary incentive variables of both dif- 
ferential quantity and differential qual- 
ity can be arranged on equal-step scales, 
Sna there is certainly no reason to be- 
lieve that variation dependent upon sub- 
ey time, or experience is greater than 
iia dependent upon physiological hun- 
ani detere of the rat and its protago- 
ae et it be stated that there are al- 
Soe many experiments on this lowly 
Scie mal which indicate that its curi- 
oo vestigatory motives and respon- 
Bande to incentive variables can be 
nif itatively measured and their sig- 
Ss relationship to learning demon- 
Pine. - The latent learning experi- 
ae ie Buxton (2), Haney (9), Sew- 
cen evy, and Handlon (27), and 
fat : have successfully utilized the ex- 
nd eset drive of the rat. Keller (16) 
ES seaman and House (35) have uti- 
bee he rat’s inherent aversion to light, 
indy Stive heliotropistic tendencies, to 
uce learning. Flynn and Jerome (8) 
Rene shown that the rat’s avoidance of 
t-is an external-incentive motivation 
tior t may be utilized to obtain the solu- 
n of complex learned performances. 
a many rats it is a strong and very 
et form of motivation. The im- 
ance of incentive variables in rats 
been emphasized and re-emphasized 
ee (33), and the influence of 
ca me variables on rat learning has 
€monstrated by Young (33), Zea- 


man (34), Crespi (5), and others. I 
am not for one moment disparaging the 
value of the rat as a subject for psycho- 
logical investigation; there is very little 
wrong with the rat that cannot be over- 
come by the education of the experi- 
menters. 

It may be argued that if we accept 
the theses of this paper, we shall be 
returning to an outmoded psychology 
of tropisms, instincts, and hedonism. 
There is a great deal of truth to this 
charge. Such an approach might be a 
regression were it not for the fact that 
psychology now has adequate techniques 
of methodology and analysis to attack 
quantifiably these important and neg- 
lected areas. If we are ever to have 
a comprehensive theoretical psychology, 
we must attack the problems whose 
solution offers hope of insight into hu- 
man behavior, and it is my belief that 
if we face our problems honestly and 
without regard to, or fear of, difficulty, 
the theoretical psychology of the future 
will catch up with, and eventually even 
surpass, common sense. 
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I was led to select “The Place of 
Theory in Science” as the subject of 
my address this evening by observations 
made last year as I listened with you to 
Our divisional symposium upon “Theo- 
nies of Learning.” On that occasion ev- 
Sa speaker ardently defended a theory 
ee he had himself espoused, marshal- 
ing evidence favorable to his own views, 
and attacking the proposals of his op- 
es It was a lively and heated 

Iscussion, but its fervor was worthy of 
a better cause, 

Consider some of the theories “ar- 
dently defended” in our youth: those 
ne to the “mind-body” relation- 
eat those dealing with “play,” where 
in, ert Spencer, Karl Gross, John Rus- 
Be ae G. Stanley Hall were now ex- 
A and again derided; and those 

ncerned with the origin of language. 


AA theories of language naively dis- 
a peed the onomatopoeic or “bow- 
naa €ory” which attributes the origin of 
eee. to the attempt of our primitive 
use ER to imitate sounds heard and to 
ee Ose imitations to represent the ob- 
theo: a their origin; the interjectional 
the TY, called in derision by its opponents 
that p Ooh-pooh theory,” which supposes 
ercan guage arose from the automatic 
aons or ejaculations of primitive 
“din: the reflex theory, nicknamed the 
ous S-dong theory,” which holds that vari- 
ron Objects and situations in man’s envi- 

ment arouse unlearned or reflex gestures 
a Vocalizations which, under repetition, 
o SRE associated with them and ultimately 
aha Sent them; the social or “yo-he-ho 
Vel y” which maintains that language de- 

Oped from vocalizations made by primi- 


1 

ee dress of the retiring president of the 

YT. D General Psychology, American 
ogical Associati i Illinois 

Ugust 31, ieee Chicago, ; 
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tive men in the course of cooperative ac- 
tivities; and finally the theory which re- 
gards language as a form of expressive 
movement that accompanied and arose 


from gesture. 


We were, of course, also conversant 
with all the classical and the newer 
theories of sensation, perception, feel- 
ing, emotion, attention, and the like, 
which have come down to the present. 
I mentioned in particular the mind-body 
theories and those of play and language 
because few students today are con- 
cerned with them and many have not 
even heard of them. They were, how- 
ever, argued and championed in our 
youth as ardently as any theory today 
Zeven learning theory. The terse and 
uncomplimentary nicknames given the 
various theories of language impart, for 
example, the intensity of the feelings of 
the participants in that controversy. 

What has become of those early 
youthful debates? Did criticism prove 
a leaven to bring about unanimity of 
opinion upon theory? Not a bit of it. 
The mind-body problem was not solved; 
it merely passed from the psychologi- 
cal scene. It was given over to philoso- 
phy and metaphysics and the doctrine 
of psychophysical parallelism was tacitly 
assumed—at least by many experimen- 
tal psychologists, who, in order to get 
on with their proper work, resolved the 
problem by placing parallelism among 
their postulates. Like a fortified atoll, 
which has long resisted frontal attack, 
the mind-body problem was by-passed 
and when that was done, it developed 
that it need not be taken. Similarly, 
the origins of play and of language are 
no longer of concern. Their existence 
is self-evident and their study need not 


o € 
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be delayed, as it was eventuall discov- 

ered, for a verdict regarding their origin 
” —which is still, after nearly fifty years, 
to be returned. The theories of black 
and of the elementariness of the inter- 
mediate colors, also long and vigorously 
debated, have similarly disappeared. In- 
deed, though I have searched long 
through the history of our science for a 
theory that gave way to criticism, I 
have been unable to find one. 

Theories do not succumb to abstract 
argumentation. They do not die but— 
like an occasional old soldier—they just 
fade away. They pass from the scien- 
tific stage not because they have been 
discredited but because they have been 
superseded or by-passed—pushed off the 
stage and replaced by other theories, 

Why then become enamored with 
theory and argue and debate it emo- 
tionally as if its issues were of vital con- 
cern? The chief and, as I believe, the 
only justifiable reasons are pride and 
the obligations of authorship. The au- 
thor of a theory owes allegiance to his 
brain-child as to the child of his body. 
He is responsible for its elucidation and 
clarification, hence may be pardoned if 
he is emotional in its defense and now 
and then sarcastic and caustic in his 
reply—even as he would be in case his 
children were unjustly criticized (as he 
must believe) by a disagreeable (as he 
must think) neighbor. If he were wise, 
he might concede that his theory and 
even his children need correction. Some 
authors and parents are of sufficient 
Stature to grant that and they modify 
their theories and the behavior of their 
children in the light of criticism re- 
ceived, but their number is few. Most 
authors defend their theories to the last 
jot and tittle; and most parents admit 
of no flaws, at least not in the face of 
criticism, among their “little angels.” 

If authors of theories were the only 
ones to become emotional in defense, 
the reasons for their fervor would not 


be far to seek, but others, who espouse 
and defend theory, are often as ardent 
and as zealous as the authors them- 
selves. This may be due, as I have 
suggested, to youthful loyalties, or to 
the desire to hold fast to something in 
this rapidly changing and fluctuating 
world, even if it be merely theory. In 
either case, however, it is a mistake be- 
Cause there is such a thing as theory- 
blindness, i.e., being so blinded by ad- 
herence to a specific theory as to be un- 
able truly to see the facts. When one 
defends theory, Particularly if one is 
emotional about it, one is very apt to 
select the data which support it and be 
blind to all others that do not. No- 
where is this better shown than in the 
conflict between the Helmholtz and the 
Hering theories of vision. The results 
of experiments in vision, particularly 
upon color-blindness, color-mixing, and 
color zones, are determined by the theo- 
retical prejudices of the investigators, 

Owing to the training that students 
of my generation received, my loyalties 
among the various contending theories 
were early established. Fortunately for 
me, however, the exalted opinion that I 
had of theory in general and of my fa- 
vorite theories in particular did not last 
for long. At my first conference as a 
graduate student with Titchener, I had 
the temerity to ask him in which theory 
of vision he believed. He replied, “Be- 
lieve, believe, why, I don’t believe in 
any.” Then followed a discourse upon 
theory and its place in experiment 
which ended with the admonition, 
“Carry your theories lightly,” by which 
he meant do not rush to their attack 
or to their defense but go about your 
own proper work of gathering facts. 
They and they alone verify or disprove 
theory. 

This advice does not mean, of course, 
that theory should be avoided and not 
discussed nor criticized. Quite to the 
contrary, it means that every one within 


nA 
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his own special field of knowledge should 
know all the theories, love a few, wed 
es The best way to learn to know 
A eory is to discuss it but keep the 
Iscussion centered upon fact. Keep 
yonr theories fluid; do not permit them 
a crystallize until they have been fac- 
id demonstrated or disproved. 
ft P carry theory lightly that you 
TA ollow where fact may lead; and 
A may forsake a theory without 
tha ë feelings of guilt. Free from 
ia orng inhibitions, you may 
eat criticize, and judge theory im- 
ee z4 which is something you will 
the ae able to do as long as you carry 
4 pe of theory, like Sinbad’s Old 
an hes Sea, upon your shoulders. 
ae y takes over, if given the oppor- 
= R you may not be so fortunate 
ne freeing yourself from that 
self with . you have burdened your- 
ae ee over theory is, moreover, 
te ths ; : advertises and calls attention 
effectiy eory criticized and it is not 
a € against the will to believe. It 
liars bootless, and to no purpose. 
which is „replete with instances in 
that is shown to be true. 


aa a Hamilton, for example, spent 
ing cruci 7 best years of his life perform- 
lemica] 1al experiments and writing po- 
is ie against phrenology. Did 
t h les and articles do any good? Did 
asten the demise of phrenology? 
false a wean any one away from those 
labor octrines? Was Hamilton’s time and 
swe. Spent to the best advantage? The 
T to these questions must be “no.” 


ren e 
trine ology endured as a controversial doc- 
Written 


Did 


Bro is last critical paper. It was the 
epeta of knowledge; the results of the 
Bists We work of the brain physiolo- 
Munk fot Fritsch, Hitzig, Ferrier, Goltz, 
nology t at assigned the doctrine of phre- 
Again. 7 eens seven thousand years. 
®pearan 7, Neatly fifty years after the 
nce of the Origin of Species (1859) 


nearly forty years after Hamilton had - 


> 


the biologists and churchmen were engaged 
in a bitter controversy over Darwin’s theo- 
ries and the dogmas of revealed religion 
The time and effort spent in those debates 
was wasted. The bishops could not con- 
vince the biologists and the biologists céuld 
not convince the bishops. The debates 
were destined to be futile from the start. 
The bishops were loyal to their dogma 
and the facts and arguments of the bi- 
ologists fell upon deaf ears; and the sci- 
entists were loyal to Darwin’s theory and 
the dogma of the churchmen left them un- 
moved. If the biologists had carried their 
theories lightly, had ignored the church- 
men’s criticisms, had gone about their own 
proper business of experimenting and seek- 
ing facts, their science would not have been 
relatively sterile experimentally during the 
forty-year period following the appearance 
of Darwin’s book. Mendel did just that. 
He carried on within the precincts of a 
monastery and gave us results of first 
magnitude which were overlooked and neg- 
lected in the intensity of the controversy 
being waged over theory. It was not until 
1900, when Mendel’s experiments and re- 
sults were discovered and publicized by 
De Vries, that the biologists again went 
about their own proper work. 

Criticism of Freudianism is, similarly, 
labor lost. We have had a tremendous 
amount of it during the last forty years but 
it has been futile. It is not read by those 
wedded to psychoanalytic dogma and it is 
not needed by those who are not. 


Thus far in my discussion I have been 
using the term “theory” in its broad, 
general sense to denote any tentative 
explanation of phenomena. In addition 
to that meaning, “theory” has a re- 
stricted use. It is frequently limited to 
propositions that have received a con- 
siderable amount of verification, that 
have passed beyond the tentative stage 

. ba 
When that is the case, its broad, general 
meaning is given over to such terms 
as conjecture, speculation, doctrine, hy- 
pothesis. N 


Attempts have been made to define all of 
these terms rigidly and to arrange them in 


36 Karr M. DALLENBACH 


according to the in- 
creasing adequacy of the evidence for them. 


One is 
that they are “bridges,” spanning gaps 
in our knowledge, which are constructed 
to bring together large &roups of facts 
The other is that they 
are “tools” devised for and used on spe- 
cific occasions, being Testricted to the 
explanation of a smal] number or groups 
of facts. 


The first, the “bridge” analogy, is amply 
illustrated by such examples as the nebular 
- hypothesis, the doctrine of associationism, 
the doctrine of Specific nerve energies, the 
doctrine of creative Synthesis, the phi- 
gamma hypothesis. Though bridges may 
be small, like culverts under a road, we 
usually think of them as grand, majestic 
spans over vast tracts. For Such concep- 
tual structures, I am, following Newton’s 
lead, using “hypothesis.” Newton restricted 
this term to the larger explanations, be- 
cause etymologically “hypothesis” means 


“foundation.” 


The second, the “tool” analogy, is illus- 
trated by reference to any well-repo sa 
experiment. It is the specific propos 
the experimenter had in mind when he e, 
signed his investigation. It may be large, 
like a crane or derrick, or small, like a a 
hammer or needle. In either case, it or 
a specific Purpose, i.e., the formilea a 
tentative statement of the problem W aN 
the study Was undertaken to test. Forai 
concepts I am using the term “theory: or 

Since bridges and tools may be ae 
small, there may be times when they Sa 
lap in size, when the analogies do not a 
—a crane, a large tool, may, for eztana 
be larger than a culvert, a small bridge. too 
and large, however, a bridge exceeds a ion. 
in size and extent, hence the distinc a 
since we are dealing only with analogi 
need not be strained, ion, 

As tools are used in the construct 
Maintenance, and continuation of brigh : 
So theories are deducible from and with 
sumed by hypotheses, It is always 7 at 
reference to some larger hypothesis 
theories are formulated and employed. 


Hypotheses, in the “bridge” sen 
though regarded lightly by every Pa 
are of great importance to pow 
They not only guide and give sauce 
to theory and experiment but they & re 
consolidate the factual gains as they 27° 
made by giving them a basis of ce 
cation. The last, a basis of classifies- 
tion, is by no means the least of E 
contributions though it is frequ tad 
overlooked and ignored by writers uP i 
this topic. The Müllerian doctrine in 

€ Specific energy of nerves is a case 1 
Point. As I have once before pointe 
out (4), through the ages since Aristotle 
various and numerous investigators hav! 
Sought, under the traditional doctrine © 
the five Senses, to analyze the fifth sense) 
the sense of touch, into Several senses- 
Their efforts, in many instances surpris- 
ingly accurate, were, however, without 
lasting significance. Their achievements 
made little impression upon their own 
age and generation and were unknown 
to succeeding generations, Every au- 
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thor wrote, against the background of 
the traditional doctrine of the five 
Senses, as if he were proposing some- 
thing new. Lapses of centuries and dif- 
ferences in language do not account for 
the lack of continuity for Bell, Eras- 
mus Darwin’s contemporary in Eng- 
land, gave no indication of knowing 
that Darwin had proposed a “muscle 
Sense” when he wrote of it. What was 
acking all along to consolidate the 
pans as they were being made through 

le centuries was the positive principle 
of an hypothesis. Miiller, though he 
himself held to the traditional doctrine 
of the five senses, gave it to us in his 
Principle of the dependence of qualita- 
tive difference upon the specific energy 
Of nerves, 

„We should of course prefer to work 
pith hypotheses that turn out to be 
i ue, but any hypothesis, true or false, 

at is capable of being tested by ex- 
periment is better than none. If false, 
it may lead to the formulation of a bet- 
€t, which in turn may lead to one still 
etter, and thus, by successive demo- 
Itions and reconstructions, an accu- 
rate hypothesis—true knowledge—is ap- 
Proached, 

The recognition of the importance of 
hypotheses has led to attempts to safe- 
Suard them, i.e., to draw up rigid rules 
Yegarding the legitimacy of their for- 
ulation. Thus, an hypothesis is legiti- 
Mate scientifically only when the phe- 
Romena to be explained actually exist. 
This precept, that you must first estab- 
Ish your fact before you conjecture its 
Causes, may seem elemental, but history 
Yields numerous instances of its viola- 
tion. Poor, lonely, wretched, and se 
essly insane, old women were tried an 
€xecuted in this country not so ae 
years ago upon the assumption, tha = 
Upon the hypothesis, that they wir 
Witches. We need not be smug an 
feel that our times are superior for some 
of us today speculate about modern 


“witches’ which, though dressed in new 
garb, have no greater existence in fact 
than the old. For example, instead of 
telepathy we have ESP; instead of a 
wide variety of faculties or powers we 
have censor, ego, superego, and id. 

I could continue, as can you, with a 
host of examples of the need for this 
rule, but I shall let one more, an his- 
torical and an amusing example, suffice. 


Charles II of England, soon after the 
Royal Society was established under his 
patronage, sent it a request to explain the 
following phenomenon. “When a live fish 
is thrown into a basin of water, the basin, 
water, and fish do not weigh more than the 
basin and water before the fish is thrown 
in; whereas, when a dead fish is employed, 
the weight of the whole is exactly equal to 
the added weights of the basin, the water, 
and the fish” (5). To answer their king and 
patron, the members proceeded to study 
the problem and much learned discussion 
ensued. Elaborate papers, propounding 
various hypotheses, were read in explana- 
tion. At length a member, not satisfied 
with any of the hypotheses proposed, sug- 
gested that it might be expedient to see 
whether the facts were as the king had 
stated them. For this he was roundly con- 
demned. Some members asserted that the 
“facts” were of such common knowledge 
that their test was not needed, and others 
declared that to doubt the “facts” was an 
insult to his majesty and to perform the 
experiment would be tantamount to an act 
of treason. Despite these objections, the 
experiment was made—when lo! to 
confusion of the wise men of Gotham—the 


A second rule r 
of an hypothesis 
barren, ie., incap 
to the test of 
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and then turns out, however, that what 
is barren at one day and generation is 
not at the next when suitable instru- 
ments have been invented and ade- 
quate procedures devised. Thus, for 
example, most of the early hypotheses 
relating to air were barren and re- 
mained so until the air-pump was in- 
vented and the chemists had devised 
suitable methods of analysis. Since an 
hypothesis barren today may be fruitful 
tomorrow, much of the force of this 
second rule is lost, 
Other rules governing the legitimacy 
are: they should not be at 


known facts; they should 
not subvert that for which 


pothesis is undesirable, 

Because we have a plethora of hy- 
potheses in psychology, I sometimes sigh 
and wish that the rules governing their 
legitimacy were more widely known and 
strictly enforced. When I recall, how- 
ever, what has happened in countries 
where a censorship has been applied to 
the hypotheses of science, I am con- 
tent to let free enterprise reign. 


Hy- 
potheses will never become a burden if 
we carry them lightly, We have the 


cure for the “disease” in our own hands, 

Theory in the narrow, the “too” 
sense, is the immediate basis of ¢ eri- 
mentation. It is the specific formula- 
tion of the problem—the overt reason 
for undertaking the work. By means of 
it the experiment is designed. 
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I was once charged and roundly a 
cized for undertaking an expe a 
support a theory” (6). ee. Ri: 
verb “support,” for which I substitutt 
“test,” I admitted the charge E 
not then and do not now see p 
perimental problem can even val = 
lated, to say nothing of conda reced- 
completed, without some sort of P 
ing theory (3). : upon 

Galilei’s apocryphal experiment of 
the velocity of falling bodies to rep? 
an apt illustration. According lian d0 
it was made to test the Aristote F 
trine, which was widely a a fell 
many centuries, that heavy b 
faster than light bodies. A eported 

Galilei, as you will recall, is k ree 
to have dropped simultaneous A 
bodies of widely varying welg of pis 
the top of the Leaning Tower hed the 
and to have found that they reac eights) 
ground, not in order of their a asty 
the heaviest first and the ight onl 
but at the same time. We be at 
guess at what the theory wer either 
Prompted this experiment for ithe? 
he nor any of his contemporaries iment 
reported or described this expe" 

; ati 

Whatever our guess may be, the P iat 
digm of a scientific experiment pesis! 
theory, under an inclusive hypo ik of 
comes before the mechanical wO An 
collecting and treating the data i 
experiment in science is the nEn ati 
of these aspects. Unfortunately t f 
not always the case in psychology: ‘idle 
as Bentley has pointed out in his at Ba 
on “The nature and uses of exper 3 
in psychology” (1), the theoretical 2 
ting, the planning and arcane nee ob 
event and its conditions, ranks ato 
among the plural meanings attache = 
day to an experiment within psycholo. 
Bentley distinguishes no less than Ene 
uses, the first five of which are witho’ $ 
the benefit or sanction of a theory. D% 
ing something, without a theory, is n° 


“to 
th 
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1 did 
d 
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a scientific experiment. It is mere busy 
work. It contributes nothing to knowl- 
edge; it has no scientific purpose nor 
meaning. We thus escape the necessity, 
when such a report appears in print to 
clutter up our scientific literature, of 
taking it into account for, “if there is 
no meaning,” as the king said to Alice 
in Wonderland, “that saves a world of 


trouble, you know, as we needn’t try to 
find any.” 
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A recent text book in psychology af- 
firms boldly that facts, which are true 
in one frame of reference are false in 
another. “A fact, we find, is not an in- 
dependent thing that we can memorize 
and depend upon and know that it will 
always be true. It is true only in its 
frame of reference, which means that it 
is false in others” (6, p. 4). This as- 
sertion is based on an idea now widely 
accepted and one which I have myself 
discussed in earlier papers, namely, that 
a fact is such only in a frame of refer- 
ence (3, 4). In this paper I wish to 
examine the meaning of the statement 
“a fact is such only in a frame of ref- 
erence” in order to bring out some 
ambiguities and clarify what I think 
is a basic misconception in Snygg and 
Combs. This task will also involve a 
discussion of frames of reference as well 
as the problem of the criteria for se- 
lection among such frames. The basic 
difficulty, the recognition of which in- 
spires this study, is this: If facts are 
such only in a frame of reference, then 
we are confronted with a peculiar situa- 
tion. In the first place no fact could 
occur which could cause a given frame 
of reference to be rejected. This is evi- 
dent when we consider what a “fact” is. 
A fact, it is said, is the result of the 
interpretation of sense data by means 
of a conceptual scheme. The meaning 
of “conceptual scheme” is close enough 
to that of “frame of reference” to allow 
me to use the two interchangeably. A 
frame of reference involves a standpoint 
or a point of view from which phe- 


1 Read to Southern Society for Philosophy 
and Psychology, Roanoke, Virginia, March 23, 
1951. 
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nomena are observed and in terms of 
which they are described. If the fact 
is the interpreted phenomenon, then 
clearly only those facts can occur which 
result when phenomena are described in 
the language of the given frame of ref- 
erence. It becomes meaningless to say, 
as do Snygg and Combs, that science is 
seeking to sum up “. . . new facts in- 
explicable in the old frames of refer- 
ence” (6). If no criteria exist for se- 
lecting among alternative frames of ref- 
erence, then any frame of reference is 
of equal worth to any other frame and 
we have no way of deciding which to 
accept. Such a state of affairs would 
mean, e.g., that a Hullian frame of ref- 
erence and a Freudian are matters of 
arbitrary choice. The suggestion at once 
arises, “Why not a complete relativism 
of such frames?” If the principle of 
relativity is to be applied, then we must 
be prepared also to accept the funda- 
mental condition that makes relativity 
theory more than a mere babel of voices- 
The relativity principle in psychology 
may be stated in some such fashion as 
this: The laws of psychology must be 
invariant under transformation from one 
system to another. If such a condition 
is not accepted, then clearly chaos 1- 
sults. But here we are struck by a0 
other idea. If we accept the principle 
of invariance for psychological systems; 
does it not follow that these invariants 
must be expressed in some language: 
i.e., some frame of reference which, 1? 
a sense, must transcend all these other 
relative ones? We are then confronte! 

with two problems different in nature: 
What are the invariants and what 4? 
they represent? The answer to this may 
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lead us to a more precise definition of 
the subject matter of psychology than 
has hitherto been given. But for this 
Paper, the more interesting question is 
this: Is this fact, the principle of in- 
variance, itself meaningful in a frame 
a reference only? If it is, we are con- 
oa by an infinite regress of frames 
E reference and we are involved either 
: difficulty analogous to the logical 
ila of the theory of types in logic 
ae a sil of Gödel theorem. In both 
ee we would be led to sterility in the 
tA SAU over frames of reference or 
heer ; orm of unanswerable questions 
ESk rames of reference. The prac- 
ey sit sal of these considerations 
ae m indicated in the following man- 
is ed eae deal of work has been done 
va it e effect of frames of reference. 
e (1) and others showed that 
nce oe of traits like honesty, intelli- 
Boal a were a function of the indi- 
ee rame of reference. Even more 
oe be is this indicated in the study 
hich “ar (7) on Fascist attitudes in 
(aah relation was established be- 
ee ne status and pro-Fascist 
lished S Also Sherif (5) has estab- 
bae $ the frame of reference tends 
hoes ablished by the group. The im- 
Ge of these experiments for the 
Ban pn of theories and for the se- 
Cavite. frames of reference should be 
Ais. z A the principles disclosed in 
abplicab ies can be generalized to be 
ato € to scientific judgments, scien- 
fhe 4 opinions and scientific facts, then 
; plied relativism would make of 
Scientific enterprise merely @ kind 
o Class-science” in a vicious form. 
ene could be given to the ex- 
Contre: n “objectivity of science” and no 
of S that existed between frames 
ci eS could be decided. Yet the 
of ee Presents itself: In what frame 
ae Tence is the assertion of the rela- 
ful? Sa frames of reference meaning- 
n other words, it appears to me 
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that the yery assertion of the relativism 
of frames of reference involves the tacit 
assumption of some over-all frame of 
reference. From the point of view of 
theoretical psychology, it may be asked 
when Sherif, e.g., points out the éffect 
of frames of reference on perception, in 
what frame of reference is this study 
embedded, i.e., in what frame of refer- 
ence are his perceptions of these effects 
meaningful? In the light of what I 
have said, the possibility arises that all 
facts about the effects of frames of ref- 
erence on perception are meaningless in 
other frames of reference. If this pos- 
sibility is to be avoided, then facts about 
frames of reference ought to be trans- 
latable into facts in other acceptable 
frames of reference. 

In order to clarify my point, let me 
take two statements as examples: 


1. What is perceived is determined 
by cultural conditions. 

2. Neurotic behavior is the response 
of the individual to threats to his 
phenomenal self. 


Although not direct quotations, it is ap- 
parent that the first might have been 
taken from Sherif’s monograph, and the 
second from Snygg and Combs. 

Fach of these statements is con- 
structed within a given frame of refer- 
using, therefore, the basic con- 
cepts and definitions of the respective 
frames. Since the second sentence con- 
tains the concept phenomenal self, which 
we shall assume is not present in Sherif’s 
frame of reference, the second sentence 
is either meaningless in Sherif’s frame 
of reference or it can be made meaning- 
ful by defining “phenomenal self” in 
Sherif’s terms, if that is possible. Sup- 
pose it were not possible to define the 
concept in Sherif’s. terms? Snygg and 
Combs clearly mean to assert the ex- 
istence of something which they call 
by this term. Therefore, if it is not 
possible to define this term in Sherif’s 


ence, 
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frame of reference, we would seem to be 
left with the following alternatives: (a) 
Sherif’s frame of reference is too nar- 
row since there exists an X which can- 
not be subsumed into it; (b) Snygg 
and Combs’ frame of reference is too 
wide since it includes a term which can- 
not be embedded in Sherif’s frame of 
reference. The question depends on the 
existence of a referent for a term. If 
the referent can be established as exist- 
ing, then Snygg and Combs’ frame of 
reference would appear to be preferable 
in this respect to that of Sherif’s, be- 
cause it includes a concept or term to 
denote that referent while Sherif’s does 
not. 

But this outcome immediately raises 
another question. Consider the state- 
ment: There exists a phenomenal self. 

If we accept the notion that facts are 
such only within a frame of reference, 
and that statements are meaningful and 
true in a similar fashion, then the as- 
sertion of the existence of the phenome- 
nal self is meaningful only within the 
frame of reference of Snygg and Combs, 
and meaningless in that of Sherif’s un- 
less it can be translated into a statement 
in Sherif’s frame of reference. There- 
fore, the statement “a phenomenal self 
exists” cannot be used to refute Sherif’s 
system. Furthermore, in Snygg and 
Combs’ system, the statement is true by 
definition since the concept “phenome- 
nal self” is so defined as to refer to cer- 
tain already selected phenomena. Hence 
the assertion of the existence of the phe- 
nomenal self can never be rejected as 
long as one stays within the given sys- 
tem. If this is the last word, then 
clearly frames of reference are simply 
projections of the personality of the 
particular scientist—but even such an 
assertion is meaningful only in a frame 
of reference and the whole scientific 
task dies. The only way out is to rec 
ognize that an existence ole acts ae 
have a reference beyond the bounds 


the system in which it occurs and its 
verification is, in a sense, independent 
of any particular frame of reference- 
Failure to be able to translate an exist- 
ence statement from one frame of ref- 
erence to another would appear to leave 
only the following alternatives: Either 
the object asserted to exist does not 
exist, or the system in which its exist- 
ence cannot be asserted is inadequate: 
In specific terms: If in Snygg 2” 
Combs we assert the existence of the 
phenomenal self, and this cannot Ke 
translated into an existence statement 
in Sherif’s system, then either the Phe 
nomenal self does not exist, or Sher! : 
system is inadequate. In passing, u 
note that the failure to show the ph 
nomenal self to exist does not mean # 
necessary rejection of the concept Sinc? 
clearly it may be a useful fiction oF an 
intervening variable or a construct. , 
This part of our discussion leads), i 
seems to me, to a second area of im 
variance. Not merely must the laws ° 
psychology be invariant under transfor 
mation from one system to another, ie 
(a) existence statements must trans 
form into existence statements, and ) 
if an existence statement is true in one 
system or frame of reference, it must | 
true in any other. This second Pt 
ciple has rather startling implications. 
Tt means, for example, that a state 
ment, €.g., in Freudian psychology SUC 
as: “the id exists,” must transform iD 
an existence statement in, e.g, behav- 
toristic terms. That is why the book °” 
peraiity and Psychotherapy by pol- 
feed (2) becomes important, 
ETA ement “the id exists” is tf 
udian psychology, its transfor™ 
must likewise be true in a behavioristic 
frame of reference. 
Per considerations lead to some an 
r r siderations. If a statemen 
in a given system (call it Si) must be 
transformable into a stat Se) in 
another system in aa Me if 
such fashion that } 
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Sı is true (or false), Sə must be like- 
wise, then this is possible if Sı and 
S2 are synonymous. But synonymity 
means equivalence of meaning or iden- 
tity of referent. This implies, it ap- 
pears to me, that the meaning of a 
statement must be clearly separated 
from its expression and is, therefore, 
independent of the frame of reference 
in which it is expressed. In order to 
take care of those cases where state- 
ments are about intervening variables 
or constructs, we have separated “mean- 
ing” and “referent.” No one would, 
probably, confuse the referent with its 
description or with a statement about it. 
With these thoughts in mind, we can 
say that by “phenomenon” we shall 
refer to what is meant or referred to. 
This would, then, lead us to say that 
Science is concerned not with facts but 
with phenomena. Now, if S is a state- 
ment in a given frame of reference about 
a given or even a presumed phenome- 
non, then it must be transformable into 
S2, a statement in another frame of ref- 
erence, in such a way that if S, is true 
(or false), then Sp must also be true 
(or false). In particular, if Sı is @ 
Statement of the form (a) “there exists 
an X, such that S, (X),” then this must 
transformable into a statement of 
the form (b) “there exists an X, such 
that S, (X).” If (a) is true, (b) must 
be, and if (a) is false, (b) must also pee 
is means that we can now distinguish 
etween true statements and false ones 
and use the word “facts” to refer to te 
ormer. Both “facts” and gaonet 
can occur in any system on the baris re 
these distinctions, and the task a an 
investigator is to be able to write r 
as many facts as possible. apa able 
in one system must be Sere an 
into a fact in another or else the a be 
into which it cannot be stated mus” = 
rejected as inadequate at best and wrong 
: : th Sys- 
at worst. The invariants for bo 
tems are the phenomena. 


It is,necessary, therefore, to differ- 
entiate two aspects of any frame of ref- . 
erence: (a) its formal structure, and 
(b) its material signification. I shall 
not consider its formal structure be- 
cause by now the form of a scitntific 
system has been discussed at length and 
is relatively familiar to most investiga- 
tors. Also, as is well known, the inter- 
pretation of the formal structure con- 
sists in the establishment of a set of 
rules of correspondence for fixing the 
meaning of the set of symbols. A sys- 
tem Sı and another Sz may have the 
same structure and may use the same or 
different symbols. They may use the 
same symbols to denote different phe- 
nomena, or different symbols to denote 
the same phenomena. When different 
symbols are used to denote the same 
phenomena, the task of transformation 
is easy. It amounts to establishing a 
dictionary of one frame of reference in 
terms of the other and Sı transforms 
easily into So. Where the same sym- 
pols are used in Sı and Sz to denote dif- 
ferent phenomena, then the relativism 
may be overcome by the simple expedi- 
ent of constructing a system Ss, using 
a totally new set of symbols and estab- 
lishing 4 dictionary for it in terms of 
S; and also another in terms of Se. The 
statements in Sı will translate into state- 
ments in Ss which are then translatable 
into statements in Se. S, and Se can 
be compared through Ss. Notice that 
this depends on being able to “know” 
S, and Ss, i.e., to be able to understand 
their meanings. Where different sets of 
symbols are used for different sets of 
phenomena, we may have two comple- 
mentary systems. In every case the 
relativism must be transcended by ref- 
erence to the phenomena. 

There is one final set of considerations 
that needs to be recognized. A system 
Sı may use, as a basic set of symbols, 
those referring to a given set of phe- 
nomena which are derivative in Se. All 
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- that has been said remains unaltered. 
The statements must be transformable 
within the systems. However, state- 
ments about the systems will differ, but 
with this we are not concerned. Which 
set or phenomena are to be symbolized 
as basic, depends on two considerations 
which are often confused: (a) metalin- 
guistic ones, e.g., simplicity of system 
structure, fruitfulness, etc., and (b) ma- 
terial ones, e.g., whether as a matter of 
fact neuroses are reducible to repres- 
sions. 

In conclusion, we point out that the 
important thing is the phenomena which 
give rise to facts, or which are what 
make statements into facts. It is the 
number of facts which one can derive 
that makes a system fruitful and ap- 
plicable and not the number of state- 
ments. And while frames of reference 
are partially relative, the acceptance of 
a frame of reference is a function of its 
adherence to the principle of the rela- 


tivity of systems—a principle which in- 
troduces an element of invariance and 
nonrelativity. 
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I 


Whoever has given thought to the 
Problems inherent in current views of 
learning phenomena might well wonder 
Whether it is appropriate, at the present 
time, possibly to confound the issues by 
drawing attention to the fact that the 
Scientific enterprise itself is a learning 
enterprise. In a sense, this point is 
banal, In another sense, it is not; for 
it is a point that has been largely 
ignored, and a point which has been sys- 
tematically banished (2) by some the- 
Orists, 

Fairly recently Skinner (7) has raised 
the question, “Are theories of learning 
necessary?” and has answered it in the 
Negative. He has indicated that we can 
do better and faster without the types 
ot earning theories which are currently 
available. In effect, what Skinner has 
done 1s to raise the controversy between 
empiricism and rationalism. But in do- 
Mg so, Skinner also advances, by impli- 
ration, a view concerning the nature of 
human learning. In effect, what Skinner 
1S Saying is that the attitude of empiri- 
“ism is more conducive to efficient learn- 
78 than is the attitude of rationalism. 

© makes an assertion about the role 
Of attitude in human learning. This he 

es by advocating that the scientist 
Shall Concern himself primarily with the 
collection of data rather than the con- 
Struction of elaborate theoretical sys- 
tems. To quote him directly: 
_ An ade i is supplied by the 
inclination to obtain data Sinaia orderly 
changes characteristic of the learning proc- 
&ss. An acceptable scientific program 1S to 
Collect data of this sort and to relate them 
© manipulable variables, selected for study 
through a common sense exploration of the 
field (7, p, 215). 
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In advocating one “scientific” ap- 
proach rather than another, one must 
necessarily be presupposing an hypothe- 
sis concerning the nature of human 
learning. The scientific enterprise is a 
learning enterprise. Thus any point of 
view which asserts what is good scientific 
method, presupposes a theory of human 
learning. The thesis of this essay is 
that if we were carefully to examine our 
views concerning the nature of the sci- 
entific enterprise, we might be in an ex- 
cellent position to advance our under- 
standing of the processes of human 
learning. In the same way that we were 
able to advance our understanding about 
the nature of human personality by the 
study of extremes, so might we be able 
to advance our understanding of the 
learning process by the study of an ex- 
treme in human learning, namely, the 
learning of the scientist. 

There is a point of view in the field 
of psychology which sets up a “methodo- 
logical” distinction between the scientist 
and the subject (2). “Methodologi- 
cally” it differentiates between the man 
in his functioning as a scientist and in 
his functioning as a human being. This 
distinction is both unfortunate and un- 
real. Its maintenance closes off from 
our view one of the richest sources of 
information about human learning that 
we have. The distinction makes it im- 
psi in principle, i not fn practice 
a y earning of the scientist in 
1S learning Operations, In advocating 
Tgmann and Spence 


In the schema 
empiricist the experienc 
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phistication, this account of the scientist’s 
Position can very easily lead to a meta- 
physical thesis of the Solipsistic type (2, 
p. 3). 


The nature of this “epistemological 
sophistication” js given to us by these 
writers as follows: 


- . - the empiristic scientist should realize 
that his behavior, symbolic or otherwise, 
does not lie on the same methodological 


level as the responses of his subjects . . . 
(2, p. 4). 


Whatever “methodological” distinc- 
tions we may attempt to draw, we can- 
not escape from the brute fact that the 
scientist’s “behavior, symbolic or other- 
wise” is behavior; and is, more particu- 
larly, learning behavior. We are hardly 
convinced that the acceptance of what 
the scientist does as behavior will lead 
us to solipsism, with the exception of 
one aspect of the solipsist Position. The 
aspect of solipsism to which we have 
reference is its emphasis on the creative 
character of learning, a feature indicated 
by Tolman (10), who is hard] 
sist. Indeed, the 


a “privileged . . . 
the experiences of the Scientist. There- 
by it grants creativity to the sc 
but denies it to the subject. 


nction between 
off the oppor- 
n of the scien- 
‘ample of learn- 
ad us into error 
In order to dem- 


onstrate this latter Point, let us examine 


the notion that the stimulus is an inde- 
pendent variable. We take the notion 
of the stimulus as an example to point 
out one type of error that the “methodo- 
logical” distinction can foster; and also 
we offer the analysis of the stimulus no- 
tion as an example of the type of an- 
alysis of the scientific enterprise which 
is being advocated. 
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II 


The stimulus as an independent vari- 
able is a notion that is quite taken for 
granted by the “scientific empiricist. 
Spence (8) characterizes stimulus vari- 
ables as follows: 


S-variables: measurements of physical 
and social environmental factors and con 
ditions (present and past) under which the 
responses of organisms occur. These are 
Sometimes referred to as the independent, 
manipulable variables (8, p. 48 f.). 


The questions of whether the word 
“variable” applies, or the word a A 
pendent” applies, are not generally 
raised. Certainly the recent work 0n 
the effect of personality and attitude a 
Perception can well lead us to as 
whether we really know what we oA 
by a stimulus, A recognition of the dif- 
ficulty inherent in this matter of percep- 
tion is manifested in the effort to recon- 
cile the lack of independence of the stim- 
ulus with Hullian theory (3). t 

What do we mean by a variable? Le 
us consider two items, the status ° 
which as variables would hardly be 
challenged, Say, length and color. BY 
virtue of what may these be considered 
to be variables? First, that they vary, 
i.e., that there are two or more lengths; 
and that there are two or more oe 
Second, that the designated categories 0 
the variables shall be mutually exclu- 
sive, i.e., if something be of one length, 
it not be of another length, and if some- 
thing be of one color, it not be of an- 
Other color. That which distinguishes 
from another is that the 
mutual exclusiveness does 
i.e., if something be of one 


Something be of one length, it may be of 
any color. Thus we arrive at a defini- 
tion of a variable: 

A variable is a set of two or more 
categories such that, if any object or 
event be a member of one of those cate- 


LEARNING AND THE SCIENTIFIC ENTERPRISE 


Sories, it may not be a member of any 
other of those categories. 

Let us consider some of the implica- 
tions of this definition for the notion of 
a stimulus variable. Let us avoid get- 
ting into the metaphysical question by 
Simply saying that the real world-is what 
it is, without any further elaboration. 

Owever, whatever the nature of the 
Teal world may be, and without in any 
Way denying the existence of the real 
World, the constitution * of the variable 
‘2s a variable is the work, or invention, 
Or creation, of the scientist. Variables, 
whatever they may be in re, do not exist 

ere as variables, For, variables are, 
by definition, sets of categories; and 
Categories are the result of someones 
clineation, abstraction, and identifica- 
tion, 

By virtue of these considerations, if it 
Were not so tedious, it would be more ap- 
Propriate to talk of variables-as-consti- 
‘uted-by-the-scientist, rather than sim- 
Ply of variables. The refinement that is 
introduced by this distinction is less im- 
ortant in the physical sciences, since, in 
€ latter, it would be rather meaningless 
> talk of variables-as-constituted-by- 
€-subject. Even in the physical sci- 
ences, following the notions of Bridg- 
mani ( » the distinction is appropriate. 
i *eVer, this distinction is extremely 
<Portant in the psychology of learning, 
for here we have the constitution of 
variables both by the experimenter and 
the subject, x 
© clarify this point, let us consider a 

„Ore or Jess typical experimental situa 
ion in the psychology of learning. Con- 
Sider g inner box, with a lever, the 

“Pression of which by the T 

ts in the delivery of a food pe Ts 
The animal is placed in the box. 

1 F m Dewey’s The 

OPAT (Mh 


i ur in- 
k What is being said here is based PEDERE 
“tPretation of some of the notions i 
Paper, 
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there any,constitution of the stimulus 
variable on the part of the animal? Not 
at the outset of the experiment. How- 
ever, the lever is constituted at the out- 
set of the experiment as a stimulus vari- 
able by the experimenter. (The cate- 
gories of the variable in this case are 
presence or absence of the lever.) It is 
delineated from the remainder of the 
environment, the property of leverness 
has been abstracted, and it is identified 
as a lever, the depression of which leads 
to the delivery of a food pellet, by the 
experimenter at the outset of the ex- 
eee takes place or proceeds, 
the animal comes to depress the lever 
with greater and greater regularity. The 
animal, it may be said, comes to learn 
what’s what. We prefer “what’s what” 
to the Tolmanian “what leads to what 
since the former, to us, seems to include 
the delineation and the abstraction more 
than the latter does. The animal de- 
lineates the lever from the remainder 
of the environment, avails itself of its 
leverness, and identifies it as leading to 
food. Essentially, what takes place in 
this type of experimental situation is 
that the animal comes, after the learn- 
i rocess, to constitute the stimulus 
aTe in much the same way as the 
ihent did at the outset of the 
experiment. i ; 
The usual experimental learning situ- 
ation is a teaching situation, more par- 
ticularly, than a learning situation, The 
success of the learning is indicated by 
the degree to which the animal seems 
to have constituted the stimulus variable 
as the experimenter has constituted the 
stimulus variable. The latter is exactly 
what is meant by the learning criterion 
7 onl experiments in the psychology 
of learning. 
The “methodological” distinction be- 
tween scientist and subject prevents us 
from seeing that the Psychological proc- 
esses of the experimenter are an integral 
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part of the nature of the experimental 
situation. Furthermore it leads us into 
the error of generalizing from such ex- 
perimental situations to learning in gen- 
eral, when actually it is the special case 
of léarning which we might call teaching 
or communication. ‘Methodologically” 
it removes the experimenter from the 
“data” when actually his psychological 
Processes are “data” too; and necessary 
data for the understanding of the nature 
of the experimental situation. 


I 


We have concerned ourselves with the 
variable aspect of the stimulus variable. 
Let us now turn our attention to the 
question of the independence of the stim- 
ulus variable. What is generally meant 
by the assertion of the independence of 
the stimulus is that it is independent of 
the response. The Paradigm is that the 
response is dependent on the stimulus, 
but the stimulus is independent of the re- 


sponse. The formulation of this par- 
adigm is ? 


R={(S). 


But even here, the matter is begged. 
For, in the explanation of what a stim- 
ulus variable is, the expression “ 
which the responses of Organisms 
(8) is used. The stimulus does n 
as a stimulus except by virtue 
responses of the organism. The delinea- 
tion, abstraction, and identification of 
the stimulus is the response. 

The only kind of independence that 
the stimulus variable can h 
tious one. The delineation, abstraction, 
and identification of the stimulus vari- 
able by the experimenter is independent 
of the delineation, abstraction, and iden- 
tification of the stimulus variable by the 
subject. But in the subject itself, there 
is' no such independence. 

The operationist argument to the ef- 
fect that our knowledge is contingent 
upon the operations that we engage in 


under 
occur” 
ot exist 
of the 


ave, is a spu- 
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in obtaining this knowledge can well be 
leveled against the conception that the 
stimulus variable is independent of the 
response. For we cannot even identify 
the stimulus properly without taking ac- 
count of the responses of the organism. 
If this is true, we can hardly talk of the 
independence of the stimulus variable. 

Again, we might point out that the 
fallacy of considering the stimulus vari- 
able as independent may be viewed a 
stemming from the “methodological 
distinction between scientist and subject. 
It can be said that, by virtue of not tak- 
ing account of the psychological proc- 
esses of the investigator, the investigator 
is led into a position where he “projects 
his prior constitution of the stimulus 
into the organism that is the subject 12 
the experiment, 


IV 


The point which has been made above 
that it is inappropriate to talk of the 
independent stimulus variable, has, 1° 
terestingly enough, been made in cul” 
rent discussions of the scientific metho 
by some of the Same persons who tal 
of the independent stimulus variable. 


The point js one of the essential ones 
of Operationism, 


© the response. 
ng is not the stimulus, 
S of the scientist. sim 
9), accepting the prio! 
‘ation, goes on further to 


WS on the psychology ° 
et, have emphasized the r€- 
eae feature of the Scientist’s learning: 
in $ eir emphasis on theory constructio” 
and theory creation. In spite of thei! 


avowed point of view Concerning thé 


o 
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distinction between scientist and subject, 
they still permit themselves to say: 


Historically and psychologically, then, 
the creation of helpful concepts is a very 
essential part of a scientific achievement 
(1, p. 3) (our italics). 


and; 


ly, much of what is usually called 

‘= ages ìn empirical science consists . . . 

w e creation of these organizing empirical 
Mstructs . . a (1, p. 6) (our italics). 


these writings we find not only a 
Eo upon the response priority in the 
ar ning Situation, but also the creative 
‘pects which are involved in learning. 
€ have here a stress upon a feature of 
ton” learning which is rarely men- 
Oned in the works on the psychology 
ei coming proper. It is of more than 
fer etl interest that Hull’s Prin- 
man | of Behavior (6), an effort in hu- 
n learning, is certainly worthy of the 
adjective “creative,” 


V 


eee is certainly much more to be 
Eon about the nature of human 
entifie © by the consideration of the sci- 
man ; enterprise as an instance of hu- 
More canning. Here we have made no 

Ore than the attempt to suggest where 

'S notion might lead, and to outline a 


program in broad brush strokes. In the 
scientific enterprise we have an example 
of learning de novo as contrasted with 
learning by being taught. By the study 
of it we might learn a great deal con- 
cerning the nature of learning. e 
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VALUES, WORD ‘FREQUENCIES, AND PERCEPTION 


JOE ADAMS AND DONALD R. BROWN 


Ina recent article Solomon and Howes 
(11) have made two points about the 
Tesearch by Postman, Bruner, and Mc- 
Ginnies (7) supposedly demonstrating 


a relationship between value and percep- 
tion: 


1. Since duration thereshold (i.e., dur- 
ation of tachistoscopic exposure neces- 
sary for recognition to occur) is related 
to word frequency,! the relation of dura- 
tion threshold to value rank on the All- 
port-Vernon test (1) can be accounted 
for by assuming that “for words repre- 
senting a field of interest, valuation of 
that interest is associated with a depar- 
ture from the mean frequency of use in 
the general population” (11, appendix), 

2. The Allport-Vernon test itself can 
be considered a measure of the fre- 
quency with which the subject uses cer- 
tain words—and nothing more than that; 
that is, there is no need to Postulate or 
infer any vague entities like “values” in 
order to account for value ranks ob- 
tained when the test js administered to 
a subject. The authors make this point 
quite explicit by postulating two hy- 
pothetical populations A and B which 
would obtain different value ranks on 
the test even though “the only difference 
between the two populations is the fre- 
quency with which they use the two sets 
of words” (11, p. 265). 

In replying to Solomon and Howes, 
Postman and Schneider (8) merely 
gather additional data demonstrating the 


1This relation was found by Howes and 
Solomon (4) to be logarithmic, ie., t=a log 
f+, in which ¢ is duration threshold, f is 
word frequency, and a and b are constants, 
The scatterplots which the authors Present, 
however, seem to indicate a nonlinear relation 
between ¢ and log f. 
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relation between value rank (as n 
ured by the Allport-Vernon test) jsua 
Perceptual-cognitive functions Ein 
recognition and recall). They 0 tion 
significant differences between dug nd 
thresholds for both relatively high- ‘the 
relatively low-frequency words g: of 
general population) as a funca se 
value rank. Though they disagree 
Solomon and Howes with regard 19 
question of hypothetical cognitive k 
motivational processes versus ee: - 
response correlations and response P on- 
abilities without such hypothetical Re. 
structs, the fact remains that their 
sults can be Predicted on the ae 
Point 1 above plus a slight additi ord 
assumption about the relation of W 
frequency to recall. ith 
We do not wish to take issue TE 
point 1. made by Solomon and Hoga 
seems plausible enough and shoul re- 
taken into account by anyone doing a 
Search on the relation of motivation 
Processes or cognitive structures to duf 
tion thresholds, when words are use 
stimuli. This point should probably us; 
modified, however, if, as it seems tO to 
the Allport-Vernon test nfounds p- 
Some extent two psychological dime 
Sions which can be separated, names 
interest and value. An individual © 
e interested in a given area even thou8 


he has a Strong disagreement with I” 
dividuals or p 


that area. 
atheist may þ 
though harb 
gious beliefs 


and 
Jus 


i 


For example, a milita 
e very interested in religi 
oring little value for Te 


institutions operating AT. 


correlated to some extent. It is reason- 
able to believe that whatever correlation 
exists between word frequency and value 
tank on the test can be accounted for 
more by the interest variable than the 
value variable; at any rate this hypothe- 
sis could be tested: Of course our 
formulation will not be acceptable to 
Solomon and Howes; if they wish to 
make this distinction they will have to 
redefine “interest” and “value” in ac- 
Cordance with their. own theoretical 
Orientation (see below). 

With regard to point 2 we wish to 
Point out the following: (a) The analy- 
Sis by Solomon and Howes of what hap- 
Pens when a subject takes the Allport- 

ernon test is somewhat unsound; (b) 
the Allport-Vernon test is inaccurately 
described by Solomon and Howes, even 
With respect to the mechanical features 
Of taking and scoring the test. 

S Let us first describe roughly the two 
interpretations given by Solomon and 

Owes of what happens when a subject 
takes the Allport-Vernon test. As the 
Yeader may have the impression that we 
ate misrepresenting these interpretations, 
We refer him to the careful exposition by 

olomon and Howes on pages 265 and 

6 under the heading “The Allport- 

ernon test as a corollary of word fre- 
quency.” First of all, Solomon and 

lowes. assert that the test can be con- 
Sidered as a “set of visual choice dis- 
ctiminations between alternative groups 
ot words, the choice being presented E 
a series of paired comparisons. Eac 
Comparison is between words represent- 
‘Ng two different interest areas. For a 
ample, consider item 4 of the a 
You were a university professor an ated 

© necessary ability, would es a 
to teach: (a) poetry; (5) Chemisty trt 
Physics??? “Solomon and Howes A his 

at if a subject were to an 


Wi 


if 

iy ni or 
o 
ce had a lower durati 


i hys- 
Poetry” than for “chemistry and phy: 


€ 


» 
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Si 


ics,” he would have a tendency to make 
the response “poetry,” because “on this 
test the operations performed are iden- 
tical to those defining duration thresh- 
old? (11, p. 265). They then assume 
“the response of checking a number that 
corresponds to a printed word does not 
differ fundamentally from the response 
of emitting the vocal sounds” (cf. Weiss 
(14, pp. 301-304)). Since duration 
threshold has been shown to be related 

_-467word frequency, the Allport-Vernon 

: test is thus reduced to a corollary of 
word frequency. } 

Tt seems to us that the operations per- 
formed in giving and taking the Allport- 
Vernon test are not identical with those 
defining duration threshold. If the sub- 
ject were asked to read the first part of 
the item, then glance at the remainder, 
and check the first word that he sees, 
then perhaps the operations would be 
highly similar, though suck methodolog- 
ical controls as fixation point, etc., would 
be absent. Furthermore, when Solomon 
and Howes quote their own experiment, 
“we know from (4) that, following any 
given amount of exposure to the printed 
alternatives, the word with the higher 
frequency of use will tend to occur more 
often,” they overlook the fact that in 
their experiment (4) this relationship 
holds over only a very short range of 
time exposures, and that unless they can 
show that the time of exposure of the 
alternatives on the Allport-Vernon test 
is within this range, they are extrapolat- 
ing their results in a most extraordinary 
way. 

The second interpretation of what 
happens when a subject takes the All- 
port-Vernon test runs somewhat as fol- 
lows: the answer indicated by the sub- 
ject by “circling” an answer is deter- 
mined by the strength of association 
between the word (visual stimulus) and 
the response (circling); “the printed 
words poetry and chemistry or physics 
are the discriminative stimuli and the 
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circling of an answer is the, overt re- 
sponse in this discrimination? In con- 
ventional association interpretation this 
response is assumed to be mediated by 
the covert response of one of the alterna- 
tive word-pairs, and the appropriate cir- 
cling response will depend upon which 
mediating Tesponse is more strongly as- 
Sociated with its visual stimulation” (th, 
P. 266). If this interpretation js cor- 
rect, then perhaps the first Part of the 
item can be dispensed with. 
willing to predict that dispensing with 
the first part of the item will give some- 
what different results, 


on the Allport-Vernon test b 
or circling a number, lett 
We quote from the directions of the test 
(1) and present the first item: 


A number of co, 


If you agree with alternative 


(a) and disagree with (b), 
write 3 in the first column 
and 0 in the second column, 
thus 3 0 
Tf you agree with (b); dis- 
agree with (a), write 0 3 
If you have a slight prefer- 
ence for (a) over (b), write 2 1 


If you have a slight prefer- 

ence for (b) over (2), write il 

1. The main object of scien- (a) 
tific research should be the 


discovery of pure truth 
rather than its practical 
applications. (a) Yes ; 
(b) No. = 


Items 2 and 3 are also of the Yes-No 
variety, as are 12 items in all of the 30 
items in the first part of the test. 

Part II of the test has somewhat dif- 
ferent directions from those of Part I 3 


Each of the following situations or E 
tions is followed by four possible p z 
tudes or answers, Arrange these ans 
in the order of your personal pei 
from first to fourth by writing, in 
left-hand margin: 


--1.. beside the answer that appeals t0 
you most v- 
iaa heside the answer which is next 
Most important to you, 
--3.. beside the next, and 2 
--4.. beside the answer that least ee 
resents your interest or pre 
ence. i 
1. Do you think that a good governmen 
should aim chiefly at a 
TE @. more aid for the poor, sick, 22 
old, a 
- the development of manufa 
turing and trade, om 
- introducing more ethical peni 
ciples into its policies and 
plomacy, a 
- establishing a position of Paai 
tige and respect among 
tions. 


It would appear, from a quick inspedi 
tion of the Allport-Vernon test direction» 
and items, that the choice involves sonig 
thing more than a simple paired com 
parison, not to mention the fact that 2 
Significant Part of one’s value scol 
seems in Solomon’s and Howes’s terms 
to be dependent upon one’s fortuitous 
cxperiences with the words “Yes” an 
“No.” 

However, we have constructed a mod- 
ified Allport-Vernon test in which a cif- 
cling response is made to test Solomon 


and Howe’s hypothesis about the test a5 
they Conceive it, 


of vague mentalistic terms like “percep- 
” (as ordinarily used) by defining 

> 
> and other vague 
terms operationally by care- 
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ful specification of stimulus and response 
Properties and their publicly observ- 
able relationships. This orientation is 
Shared by some other psychologists (2, 
> 5; 6, 10, 12, 13, 14). Salomon 
and Howes speak of “optical situations” 
and “visual choice discriminations” (e.g. 
as in the Allport-Vernon testing situa- 
tion), “linguistic responses,” “circling 
responses,” etc., implying that a great 
ain in scientific advance in psychology 
Would result were other psychologists to 
s likewise, The operationist-nonopera- 
TEN Private-public controversy is one 
: ich we Certainly do not wish to at- 
mpt to discuss in detail in this paper. 
€ argument is in part a semantic one, 
agi psychologist, whether he 
a nes “perception,” etc. operationally 
¥ ke has to develop operational indices 
a at he wants to study whenever he 
ss ` other individuals as subjects. We 
A a t call the first an “Operationist 
nd the second an “operationist.” Many 
no Rologists who are operationists are 
then; Perationists. The controversy is 
obs 1n part a controversy about whether 
5h ee are to be used as indices of 
A ee else or whether the observ- 
of; S are to be the defined subject matter 
enti tigation. This controversy is not 
s rely Semantic, however, because it is 
Part a controversy about (a) whether 
(ganomenclogy is an acceptable method, 
i ) What terms psychologist should use 
ch eir “thinking” so as to advance psy- 
ology as a science. A 
The authors believe that psychologists 
can sometimes obtain valid knowledge 
(not mere hints about how to proceed 
with other subjects) by observing con- 
trast effects, after-images, apparent 
Ovement, figural after-effects, etc. We 
‘Iso believe that it sometimes pays a 
Psy Chologist when talking about certa k 
; nomena, e.g., after-images, to ee 
like mS of vague, mentalistic events, 
€ after-images, rather than stimu 
Tesponse correlations (cf. Pratt, 9)- 


ə 


Further, we challenge Operationists to 
prove by an examination of the history 
of science or any other method that 
“Operational” thinking is in all cases— 
or even in most cases—the most adyan- 
tageous way of thinking. We do nof be- 
lieve, moreover, that certain Operation- 
ists have freed themselves from mental- 
istic ways of thinking. It seems to us 
that if Solomon and Howes were con- 
sistent in thinking of the Allport-Vernon 
test in terms of “optical operations” and 
“circling responses,” they would, being 
good psychologists, have been careful to 
control such conditions as fixation point, 
time of exposure, position of the pencil 
and arm on the table, etc., and perhaps 
they would have carefully distinguished 
between checking and circling as dif- 
ferent motor responses. 

It would be possible to make a direct 
test of Solomon and Howes’s frequency 
hypothesis by altering the Allport-Ver- 
non test in several ways. Two methods 
that immediately suggest themselyes 
would be to put all the statements in a 
negative way by the use of “not,” 
“rarely,” “hardly ever,” or “never,” 
Presumably, then, the subject would 
have to resist his “circling responses” to 
the high-frequency valued words and 
make the response contrary to fre- 
quency. We have revised the test in 
such a way that the alternatives are all 
in very infrequent synonyms except 
those scoring in one value area which are 
phrased in very frequent words. Six 
such forms of the test have been con- 
structed, each having one of the value 
areas favored frequencywise. Presum- 
ably the subject would be duped into the 
high-frequency words and thus the value 
area so designated by the experimenter, 
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PRELIMINARY SUGGESTIONS AS TO.A FORMATIZA TIONI 
OF EXPECTANCY THEORY 


KENNETH MacCORQUODALE AND PAUL E. MEEHL 


University of Minnesota é 


In the present paper we shall try to 
indicate one direction in which a rig- 
orization of expectancy theory might 
Move, concentrating wholly upon 

‘what we believe are the major con- 
structs of such a theory. In a previ- 
ous paper (9), we discussed briefly the 
question, “How may an expectancy 
theory of learning be identified as 
such?” We took the position that 
Several features in the thinking of ex- 
Pectancy theorists (e.g., Tolman) are 
not logically entailed by the admission 
ol an expectancy construct, and we 
Suggested that one (and perhaps the) 
crucial differentiator between an ex- 
Pectancy and a nonexpectancy theory 
is the form of the acquisition postu- 
ates. One particular type of acqui- 
Sition postulate, providing for the 
Strengthening of the basic learning 
clement in a special way, we called 
the “Inference Postulate,” listed as 

umber 4 below. 

Vhile the presence of such a postu- 
ate generates many properties in the 
theory which are absent without it, 
Strictly speaking it is always the entes 
SYstem of postulates which does the 
Senerating. The inference postun 
or example, cannot lead to se 7 
red deductions concerning rece 
“arning unless the role of the aea 

Ancy construct in activating behay 

1S also indicated (our postulate 

ons at the 


i i 
t of caincil-subsid ized 


ing Theory 
artmouth Conference on Learn t 
(1950), Although they are 1n ae lations, 
Considered as endorsing our formt ps, W- 
pther members of the Conferenc~- Schoen- 
tates, C. G. Mueller, S. Koch, tributed both 
felq, and W. S. Verplanck—co™ 
Stimulation and criticism. 


* This 
; Paper grew ou 
Social Science Researc 


the 
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This latter indication in turn requires 
some subset of postulates defining 
motive-incentive constructs (as our 
postulates 6, 7, 9, 10, 11), and so it 
goes. Ideally, the implicit definition 
of these constructs would be given by 
the entire, ‘‘complete” postulate sys- 
tem; their empirical meaning would 
be, so to say, exhibited, shown forth 
by the interdigitation of the proposi- 
tions with one another and with the 
behavioral theorems they jointly en- 
eh what follows we shall present an 
incomplete, tentative, and certainly 
nonsufficient set of propositions which, 
however, begin to define at least one 
important kind of expectancy theory. 
This formulation has a major affinity 
with that of Tolman because it con- 
tains an inference postulate, and (what 
in turn makes this possible) because its 
fundamental cognitive unit, the ‘“‘ex- 
pectancy” (SiRS2) is designated by 
three notational elements rather than 
the two which specify Hull's sHp. 
In this set, then, the basic construct 
of learning specifies not only the Si in 
the presence of which the organism 
emits R, but in addition it specifies 
what is expected when R follows Sj. 
On the other hand, this formulation 
differs from Tolman’s in several re- 
spects; of these differences we cur- 
rently consider only one to be clearly 
fundamental. The fundamental dif- 
ference is our inclusion of an R refer- 
ence in the- notation specifying the 
basic cognitive unit, the “expectancy.” 
In-this sense the construct lies some- 
where between the constructs of Tol- 
man and those of Hull, since it in- 
cludes the Sz reference (unlike Hull) 
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but also the R reference (unlike Tol- 
man). Itis true that in some of his 
discussions (e.g., 14, pp. 10-12, 82) 
Tolman seems to include the response 
reference in his idea of an expectancy; 
but his more recent emphasis on 
perception and the “map” metaphor 
have deflected attention from the R 
term. This sort of emphasis leads 
him to have some difficulty in getting 
to behavior, which is expressed in 
Guthrie’s well-known gibe about Tol- 
man’s leaving the rat “buried in 
thought.” We try to solve the prob- 
lem by including an R reference as 
part of the expectancy construct from 
the beginning. Let us emphasize, 
however, that this must not be under- 


stood to mean that an expectancy IS a 
“response” if th 


an effector-event-class: Nor does it 


t f an expect- 
ancy is an effector-event, albeit a 
damped or attenuated one, 


previous paper (9, p. 230). 
Tolman informs us 
munication) that he agrees with us 
about four of them, but he feels that 
two of them, the “Gestalt-configural 
stress” and the “specification of re- 
action-class by reference to Position, 


direction, or locomotion (rather than 
by effector Properties) ,”’ 
features of his view. 


necessary to do them 
whole question will 5 
tail in a subsequent Publication, 

We cannot stress too Strongly that 
the following is not offered as a full- 
fledged ‘“‘postulate set.” The postu- 
lates represent our first attempts to 
nail down the expectancy view, They 
are obviously incomplete even if the 
theorem system required were a 
“miniature” one, e. g., confined to rat 


behavior in the Skinner box. Te 
great mass of data regarding pan 
oral effects, for instance, is left quiy 
untreated. The notion of “similar: 
ity” between two stimulus configu 
tions is left unclarified; there is no d 
tempt to treat the entire area of fora 
and concepts usually called ‘‘inhi E 
tion,” or the allied phenomena of no 
extinctive work decrement, The Pa 
tulate of need strength is not clec 
Supported by current evidence on a 

mentary drives and there is no sor 
evidence that for other “higher-order 

need variables it should be expec 
to hold at all. There are no pos ae 
lates regarding the very importa u 
question of interaction among ex Dei 

ancies to yield some compromise i- 
strength. We have not felt it pnd 
tious even to make guesses about ¢ t 
exact form of functions, at this pera 

ut anyone who wishes to substitu g 
©. “simple positive growth ee 
tion” wherever we have writt n 
“increasing decelerated function” Ca 
easily do so, P 

ince one of the constantly re laa 
ated complaints against expectano? 
theorists for almost twenty years naa 
een the extreme sketchiness of the 
formulations, we perhaps do not n 
to apologize for the present effort 1 fy 
Succeeds in reducing this sketchine 
even slightly. “cle 
urthermore, the present ariig 
aims merely to present the incomple 
set and to illustrate its workings D7 
eriving some semiquantitative co 
Sequences. No attempt is made t° 
defend our particular decisions as t° 
formulation, or to develop the think- 
ing behind each. This more extende 
treatment will appear in a subsequent 
Publication. 

Pending detailed treatment, we 
shall merely say that in what follows 
the term stimulus May include 4& 
Physical situation of any describable 
complexity or Patterning. That is: 
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if “triangularity” is the property 
needed to yield a response-inferred 
stimulus equivalence, the relational 
features between three points are, of 
course, included in the specification 
of S. It is not suggested that there 
are no unsolved problems here; but 
Since, like Skinner, we are uncon- 
vinced of the definitive role of “con- 
figural Properties” as marking out 
kinds of learning theories, we have 
ignored these issues for present pur- 
Poses. In the same way, we mean by 
response a class of effector activities 
Which Produce environmental effects 
Within a specified range of values, 
©8., “turning left,” “pressing lever,” 
and the like. (Cf. 5, pp. 95-96; 12, 
PR: 33-43.) Again, this summary 
reatment springs from an acute 
in arenes of the terrible difficulties 
5 E eepose concept rather than 
ci elief that they have been 


The Postulates are as follows: 


1. Mnemonization: The occurrence 
the sequence Sı —> Rı — Sa (the 
acent members being in close 
Ge Poral contiguity) results in an 1n- 
a in the strength of an expect- 
aay (SiRiS2). The strength in- 
X ases as a decelerated function of the 
umber of occurrences of the se- 
uence, The growth rate is an in- 
“asing function of the absolute 
Value of the valence of Sə If the 
“Mination by Sz of the sequence 
1 Ri) is random with respect to 
nondefining properties of Sı the 
asymptote of strength is < the rela- 
Ve frequency P of Se following 51 > 
th: ie., a pure number). How E 
his asymptote is below P is a dece S 
“ted function of the delay between 
the inception of R, and thengcer 
Tence of Sp, Fea 
2. Extinction: The occurrence © 
Se, i t terminated 
uence (Sı — Ri) if not te: e ex 
b Se produces a decrement 17 


of 
adj 


pectancy,if the objective So-probabil- 
ity has been 1.00, and the magnitude 
of this decrement is an increasing 
function of the valence of S and the 
current strength of (S,R:S:). Such 
a failure of Sə when P has been «= 1 
is a disconfirmation provided (SRS) 
was nonzero. If the objective prob- 
ability P shifts to a lower P’, and 
remains stable there, the expectancy 
strength will approach some value 
< P’ asymptotically. 

3. Primary Generalization: When 
an expectancy (9,R1S2) is raised to 
some strength, expectancies sharing 
the R and Sz terms and resembling it 
on the elicitor side will receive some 
strength, this generalized strength 
being a function of the similarity of 
their elicitors to Sı. The same is true 
of extinction of (SiR1S2). 

4. Inference: The occurrence of a 
temporal contiguity S.S* when 
(SıRıS:) has nonzero strength, pro- 
duces an increment in the strength of 
a new expectancy (S1R1S*). The in- 
duced strength increases as a deceler- 
ated function of the number of such 
contiguities. The asymptote is the 
strength of (SıRıS2) and the growth 
rate is an increasing decelerated func- 
tion of the absolute valence of S*, 
The presentation of S, without S* 
weakens such an induced expectancy 
(SıRıS*). The decrement is greater if 
the failure of S* occurs at the termin- 
ation of the sequence Sı —> R,; >S: 
than if it occurs by presentation of S, 
not following an occurrence of the 
sequence. 

5. Generalized Inference: The occur- 
rence of a temporal contiguity SS* 
produces an increment in the strength 
of an expectancy (S,R,S*) provided 
that an expectancy (S1RiS’s) was at 
some strength and the expectandum 
S'2 is similar to S} The induced 
strength increases as a decelerated 
function of the number of such con- 
tiguities. The asymptote is a func- 


ry 
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tion of the strength of (S,81S’) and 
the difference between Sz and S's. 
The growth rate to this asymptote is 
an increasing decelerated function of 
the absolute valence of Sidi 

€. Secondary Cathexis: The contigu- 
ity of Sp and S* when S* has valence 
|V| produces an increment in the ab- 
solute cathexis of S» The derived 
cathexis is an increasing decelerated 
function of the number of contiguities 
and the asymptote is an increasing 
decelerated function of |V| during the 
contiguities, and has the same sign 
as the V of S*. The Presentation of 
S2 without S*, or with S* having had 
its absolute valence decreased, will 
produce a decrement in the induced 
cathexis of So, 

7. Induced Elicitor-Cathexis: The 
acquisition of valence by an expec- 
tandum S, belonging to an existing 
expectancy (S1ıRıS2) induces a cath- 
exis in the elicitor Si, the strength of 
the induced cathexis being a deceler- 
ated increasing function of the 
strength of the expectancy and the 
absolute valence of So. 

8. Confirmed Llicitor-Cathexis: The 
confirmation of an expectancy 
(SiR1S2), i.e., the Occurrence of the 
sequence (Si Ry => S3) when 
(S1RiS») is of nonzero strength, when 
Sz has a certain valence, produces an 
increment in the cathexis of the elici- 
tor Sı. 

This increment in the elicitor-cath- 
exis by confirmation is greater than the 


lus S* is a multiplicative function of 
the need 


cathexis.) 
10. Need Strength: The need (D) 
for a cathected situation is an increas- 


ing function of the time-interval since 
satiation for it. 

Note: Upon present evidence, even 
basic questions of monotony and ac- 
celeration are unsettled for the ali- 
mentary drives of the rat, let alone 
other drives and other species. There 
is no very Cogent evidence that all or 
even most “needs” rise as a function 
of time since satiation, although this 
seems frequently assumed. Even the 
notion of satiation itself, in connection 
with “simple” alimentary drives, pre- 
sents great difficulties. This proposi- 
tion can, therefore, hardly be taken 
as having any generality even tenta- 
tively. 

11. Cathexis: The cathexis of a 
stimulus situation S* is an increasing 
decelerated function of the number of 
contiguities between it and the occur- 
rences of the consummatory response. 
The asymptote is an increasing func- 
tion of the need strength present dur- 
ing these contiguities, 
be some innately determined cath- 
exes, however.) 

12. Activation: 
tential sEp of a 


SiRiSs) and the 


sign!) of the expectandum. There 
are momentary oscillations of reac- 
tion potential 
the frequency 
least unimodal in form. The oscilla- 


as independent, and the response 
which is momentarily “ahead” js 
assumed to be emitted. 


these, let us consider first a study by 
Kendler (6) which yielded somewhat 


Ways contained food, on the other 
water, and in both boxes the consum- 
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matory response occurred repeatedly 
during the first phase. On the test 
run, some animals were made thirsty, 
the others hungry. “Appropriate” 
choices were made to a pronounced 
extent. Kendler points out that since 
both left and right choices had been 
consistently reinforced during the 
training runs, and ‘since both hunger 
and thirst were present as cue vari- 
ables for choices in both directions, it 
is not clear on Hullian principles why 
the differential choice is shown on the 
One-drive test runs. He discusses 
two possibilities, one in terms of the 
fractional goal response (suggested by 
Spence) and the other involving a 
rather radical modification of the 
usual Hullian reinforcement princi- 
ples, such that the only drive cues 
which get connected to R are those 
which are reduced by the reinforcing 
Operation that strengthens the s/Zr in 
question (Guthrie?). The finding 
would be treated within the present 
frame as follows: 


So: Choice-point stimulation 
Rr: Right turn (leads to food) 
Rz: Left turn (leads to water) 
Srr: Stimulation in right goal box, 
including that of eating 
Siw: Stimulation in left goal box, 
including that of drinking 


Then during the first phase we have 
the sequences: 


So —> Rr— Srr* 
So Rr > Siw*. 


Repetitions of these in balanced 
amounts lead to increased strengths 


two expectancies 
(SceRtSrw) = (ScRrSRr) 


according to (1). Unless the two 
rives are unequal or the number of 
€xposures unbalanced, these two ex- 
š ectancies will rise at the same rate; 
Oward the end of the first phase they 


2 


should, on the average, be equal in 
cumulated strength. Assuming hun- 
ger and thirst drives to be equal, at 
this stage; by (10), (11), and (12), we 
have 


sErw = (Vir) (ScRiSiw*) 
= (Vr)(ScRrSrr*) = sEr) 


t 


so no “preference” is manifested. 
On the test run, we satiate for food 
and keep the animals thirsty. That 
is, 

(Vw) > (Vr) 
so that 


sExw = (Vw)(ScRtSiw*) 
> (Vr)(ScReSrr*) = sErn). 


By (12) the probability of a left turn 
is then much higher than for a right. 
It is instructive to ask where we find 
the Jocus of the difference that gener- 
ates the derivation for us more readily 
than for Kendler. It evidently lies 
in the fact that our activation postu- 
late makes reference to the expectandum, 
and this reference mediates a “‘con- 
trol” over the strength of R which 
cannot be readily talked about ina 
notation designating the basic cogni- 
tive element by reference to Si, the 
elicitor, and R only. Thus, the ac- 
quisition phase in Hullian terms is 
strengthening scp nce) and sio Hr 
equally, since turns both ways are 
reinforced. When it comes to pre- 
dicting the test run, manipulating 
drive can only affect a multiplier of 
these sir elements, and the ‘“for- 
ward-pointing” reference of the ex- 
pectandum term is lacking or must be 
smuggled in by invoking 75. In 
short, the Hullian frame makes the 
incentive important only “historic- 
ally,” i.e., in determining how much 
sHp is cumulated. The expectancy 
frame retains the reference to the ex- 
pectandum in the basic cognitive 
element (SiRS2), and thus a reference 
to this third thing can be packed into 
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the activation postulate in a way that 
allows subsequent drive manipula- 
tions a ready control over the re- 
sponse strength. 

Consider next the experiment re- 
ported by Tolman and Gleitman (15). 
After a first phase in which they ran 
either to left or right to readily dis- 
criminable goal boxes, in each of which 
they were allowed to eat, the rats 
were then placed (not following a run) 
in one of the goal boxes where they 
were allowed to eat. Each rat was 
also placed in the other goal box, 
where a shock was administered. 
On the test run the rats chose ap- 
propriately to a very striking extent. 
Suppose shock is administered in the 
left-hand goal box during Phase II, 
and food given in the right. Let the 
entire stimulus complex involving 
eating food be designated Sp* and 
that involving shock by Ssa. Then 
the reported effects could arise as 
follows: 


I. Status at end of Phase I: 


a. (ScRzrSr) = (ScRrSp) 
b. (ScRrSp*) = (ScRrSp*) 
Gx Vscty = Vs 


II. Status at end of Phase IT: 


d. (SoRiSz) = (ScRpSp) 
CA (ScRiSp*) < (ScRrSp*) 
Ff. (SeRiSs-) > (ScRrSsi-) 


& Vey & Vscry 


III. On the test run 
h. sEnay = (Vx) (SoR 


i. sEray = Vs") (SeRiSp*) 


je sEru) = (Vscsm~) (SeR Ss) 
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Now whatever may be the laws of 
summation for reaction potentials 
sharing elicitor and R term, so long 
as it is some increasing function of the 
components, it is clear that 


sEx1 < sErm 


which is the desired result. 

Consider as a final example the 
Spence-Lippitt type of latent-learning 
design reported as positive by those 
authors in 1940 (13) and by us in 1947 
(8). Ratsare run in a satiated state 
to goal boxes which, however, contain 
food or water. On the test run a 
state of either hunger or thirst is 
induced, and the appropriate choice 
tends to occur. Suppose food is on 
the right, water on the left. Then 
the sequences which occur during the 
satiated phase are 


Se > Rr aii SrSp* 
Sc R, — SrSy* 


which will mnemonize two expect- 


By (1) 
By (1) 
By (6) 


By (4) 

By (4) and (5), 

inference and incomplete 
generalization. 

By (6), both 
through extinction of the 
linkage S,Sp* and estab- 
lishing that of S,Ss-. 


, considering the resulting potentials, 
151) X (Vstm) (ScRrSp) = sErm By (12) 


with (g). 

< (Vscw)*)(ScRaSp*) = sEr By (12) 
with (e). 

< (Vses) (SeRaSsi-) = sErm) By (12) 


with (f). 


| 
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ancies (ScRrSrSr*) and (ScR1S1Sw*) 
provided that ‘‘removal’’ is reinforc- 
ing (using [6] and possibly [7]). An 
additional contribution to the growth 
Parameter might be made if we inter- 
pret (9) to mean a function of the 
form V = a + b (D)(C*) rather than 
of the form V = b(D)(C*), so that 
some valence persists for a cathected 
stimulus even when the need or drive 
variable is effectively zero. This is 
the approximate analogue in an ex- 
ey theory to the claim in 

-R-reinforcement theory that a stim- 
ulus retains its secondary reinforcing 
eed when the primary drive is 
in ee That question, formulable 
aoe er system, is presently awaiting 
: r-cut solution experimentally (cf. 

4,7, 10, 11). 
A So after N trials of about equal 
uns to both sides, 


(SoRiSiS*) =(SoRrSrSr*) by (1). 


And, since 


(Vs *) = (Vsur)*) 


{assuming approximately equal pre- 
pe experience with- food 
ws Water and current near satiation 
D each) we have by the activation 
Ostulate 


“Enn = (Vsiyson*) (ScRıS 15w") 
= (Visca) scry*) (SoRrSrSr*) 


= sExn- 
le now manipulate drive, making 
thi animal very hungry but not 


sty, Then 
since Vsn* & Vs” By (9) 


Vv 
Sam* = (Dw) (Cw)* 

X (Dr)(Cr)* = Vs” 
assy 


thay ans from past history and (11) 


Cw* = Cr*. 


Then, by, the activation postulate, 


sEr = (Vscz)sar*) (ScR1tS1Sw) 
< (Vcr) scry*) (ScReSrSr) 
ni = sERr)- 


There are certain additional ĉon- 
sequences of the derivation that are of 
interest. To mention some of them 


briefly: 

1. For a given valence the differ- 
ence in sEp isa function of the magni- 
tude of the expectancies, since 


sEry — sEr 
= (Vz — Vr) (ScRS) 


where 
SoRrSzt = ScRrSr = SRS. 


a. But the magnitude of the expect- 
ancy increases with occurrences of 
the sequence, so that the percentage of 
appropriate responses on the test run 
should be less for rats who have had 


fewer “latent” runs during the satiated 
phase. 

b. The growth rate of each expect- 
ancy depends on the valence of its 
expectandum (Mnemonization Law). 
For a constant number of cognition 
runs, the expectancy levels reached 
should be raised by any procedure that 
raises the valence of the goal boxes, 
even though equally. Thus, if an- 
other rat or home cage or preferred 
illumination is found in both boxes 
during the latent phase, this should 
raise the percentage correct on the 
test run. 

However, plotting percentage ‘‘cor- 
rect” on the test run against number 
of runs for groups differing in the 
valence of goal boxes should yield a 
family of curves of different slope but 
all approaching the same asymptote. 

c. If the two goal boxes are varied 
from run to run so that the “modat”? 
goal box on a side occurs randomly 
with a frequency P (and the presenta- 
tion of food and water occur consist- 
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ently in this box) the percentage of 
correct choices on the test run is a 
function of P. The members of the 
family of curves in this case should 
approach different asymptotes. 

2, For a given magnitude of ex- 
pectancy the sEp difference is a func- 
tion of the valence difference. If 
both valences are small, sErg — 
sEp, = (Ve = Vr) (S1RS2) will be 
smaller than if one valence is large and 
the other small. 

By the Law of Cathexis (11), both 
the cathexis of food and water will de 
minimal for rats that have never been 
on deprivation schedules for these 
commodities. As a result of this, by 
the Law of Mnemonization (1), ex- 
pectancies for food on one side and 
water on the other will grow very 
slowly for such “naive” rats, and a 
short series of latent runs will, there- 
fore, leave them with weak expect- 
ancies. Finally, by the Law of Val- 
ence (9), the valences of these ex- 
pectanda will be minimal for such 
rats; and this is true both during the 
acquisition and test phases. There- 
fore, the sEpr difference between R, 
and Rp on the test trial is doubly re- 
duced by minimizing both the ex- 
pectancy and valence terms in each 


the expect- 
the same 


If repeated occurrences of the 
have brought 


per cent correct on a test trial as rats 
who had been hunger experienced 
prior to the experiment. But the 
asymptote of the expectancy (S,RS,) 
must have been reached. 


Thus, for small numbers of “cogniz- 
ing” runs, an interpolated hunger 
cycle (after the training series but 
before the test runs) ought not to 
bring these rats to the level of the pre- 
viously hunger experienced. But for 
larger numbers of cognition runs, it 
should. The percentage correct on 
test runs plotted as a function of the 
number of training runs should ap- 
proach the same asymptote for the 
interpolated group. But at the early 
Phases of these curves a large differ- 
ence is expected. 

4. Since part of the valence of both 
Sr and Sz is assumed to be nonali- 
mentary, based on the reward of re- 
moval, removal to a less valenced 
locus, e.g., mazelike box instead of 
home cage, or to a slightly negative- 
valenced locus such as a too-bright 
white box, should yield a slow growth 
of both expectancies, So for a small 
number of satiated Tuns, each expect- 
ancy has a lower value at the test run. 
Hence we expect less sEp difference 
and more errors, 

The obvious Hullian complaint 
would be, “Here you really admit the 
Importance of the reward during the 
latent (satiated) phase.” In a sense 
this is true, Yet, how does the re- 
ward act in the present formulation? 
It is not conceived of as generating a 
“habit,” in favor of the later-to-be- 
chosen side. Suppose we were to give 
a strong but equal reward on both 
sides. The Present derivation as- 
sumes that if we consider only rats 
having no bias to the left during the 
latent phase, they will still show the 
advantage in question on the test 
Tun. After all, the quantitative re- 
sults of other studies indicate a very 
marked effect on response strength 
When an alimentary drive is raised 
from near zero to a 24- or 48-hour 
value. One would presumably be 
safe in predicting that the parameters 
of our equations are such that a slight 
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right-going bias (say, 10-20 per cent) 
manifested during satiated runs will 
be easily overcome by the valence 
shift on the test trial. Hullian postu- 
lates would in such a case merely raise 
the multiplication factor f(D) and 
the algebraic sign of (sEr) — 
(sErm) would still be negative. 
Barring the use of rẹ, the predicted 
Hullian result is for such “biased” 
rats to manifest the bias with higher 
probability on the test run. 

A concluding clarification of our 
own position seems necessary. The 
Preceding has been presented as one 
way of formulating the expectancy 
ent We consider ourselves 
SR y identified with some form of 

“reinforcement theory, and our 
sympathies remain with it. The 
eed development is, therefore, 
f ppacsented as empirically confirmed 
aoe as a strong contender. Actu- 
Ge the question of its factual ade- 
Sa ee played almost no part in 
aan inking, which was directed at 
cating one current theory rather 
eT N proposing an empirically sup- 
ti ed system with maximal atten- 

on to the facts. 
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THE MATHEMATICAL FORMULATION OF A UNIFIED 


FIELD THEORY 


WILLARD E. CALDWELL 1 
The George Washington University 


To what extent is it possible to in- 
Corporate such areas of psychology as 
classical conditioning, instrumental 
conditioning, perception, the Weber- 
Fechner laws, Helson’s work on adapt- 
ation level, and certain aspects of the 
nervous system within a common 
mathematical frame of reference? 
Points relating to this problem will be 
offered through an analysis of the re- 
sults of experiments and the discus- 
sions of Weber, Fechner, and Helson. 

The author has stressed the fact in 
previous writings (1, 2, 3, 4) that, 
under certain conditions, any stimu- 
lus might serve as a motivation and 
the reduction of that stimulusasa rein- 
forcement to the organism. One of 
the experiments designed to test this 
point of view was performed by Cald- 
well and Mosman (3). In this ex- 
periment low temperature was util- 
ized in a maze as motivation and high 
temperature in the goal box as rein- 
forcement. Learning curves in terms 
of time and errors were established for 
albino mice. Another one of these 
experiments was performed by Cald- 
well and Sandler (4). This experi- 
ment consisted of using gaseous for- 
maldehyde in a maze as motivation 
and its relative absence in the goal box 
as reinforcement. Learning curves 
were established for the albino mice 
utilized in this experiment.? 


tive laboratory. 
placing mice ina 
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An advantage of a temperature-type 
experiment over the use of hunger and 
thirst as motivations is the possibility 
of measuring the stimulus in both its 
motivating and rewarding phases to a 
higher degree of accuracy. These 
experiments might be viewed from a 
Psychophysical frame of reference 
where the concept of just noticeable 
difference is in a more dynamic setting 
than in terms of differences between 
stimuli. It might be thought of as 
differences between differences. The 
problem then may be stated as: What 
as the increase in the stimulus in the 
maze minus the increase iin the stimulus 
in the goal box necessary to produce a 
just noticeable difference in time and 
errors? It might be possible to find 


experimentally many of the differ- 
pes: Seat 

a central axis. When the 
center of the maze, the exp 
rotation. The animal th 
center for ten minutes, 
to investigate the role o 
tion and its relative ab 
and reinforcement, 
periments is similar 


animal reaches the 
erimenter stops the 
en remains in the 
The purpose here is 
f vestibular stimula- 
sence as motivation 
The second of these ex- 
to the one performed by 
Caldwell and Mosman except that the maze 
has a high temperature and the goal box has a 
low temperature. The third experiment con- 
sists of a maze which has a very bright light 
overhead and a very dark goal box. In all of 
these experiments control animals run the 
maze without the additional stimulus of 
temperature, light, or vestibular excitation- 
The ability to measure more accurately both 
qualitative and quantitative variations in the 
maze and in the goal box allows the experi- 
enter the possibility of treating data from 
these experiments within a psychophysical 
framework. 
* It is assumed that if the various combina- 
tions of temperature differences were tested, 
that different experimental and control ani- 
mals would be used with each difference. 
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ences in temperature and construct a 
scale with the center being zero. 

This same general approach might 
be applied to the design where formal- 
dehyde was used as the stimulus, or to 
Jerome and Flynn’s (13) experiment 
using light avoidance. Itis this kind 
of experimental design which led the 
author to think of psychophysical 
phenomena in terms of differences be- 
pveen differences rather than differ- 
ae between stimuli, or, to put it in 
her words, to think of stimulus as 
Fane a field with a difference in that 

eld. 
pe con (8, 9, 10) has been doing 
Ene „very important theoretical and 
= ee work in the field of per- 
a p on the general problem of 
= gee level and frames of refer- 
a ; elson (8, p. 2) defines adapt- 
oe evel as follows: ‘‘For every ex- 
is Ny ee configuration there 
ee a stimulus which repre- 
ee. e pooled effect of all the stimuli 
SN which the organism may be 
a o be attuned or adapted.” Hel- 
aa Sau with the problem of adapta- 
pes on many different angles. He 
ap! asizes the effects of background 
RR Judging stimuli. He also sug- 
social many applications of this to 
al phenomena. Helson says: 


a ee a weight is said to be heavy, or 
ecaus im, or a painting beautiful it is 
Ove e the object in question appears 
Unctj oh below the indifference point of 
epresent © Such points can be said to 
Organi a the adaptation-level of the 
W Aas: with respect to given stimuli. 
Haine for example, that the neutral 
rom ane in a series of weights ranging 
While į 0 to 400 grams is about 250 grams, 
Sram, 42 Series ranging from 400 to 600 
S the neutral stimulus is about 475 


8ra 
stimun If a background or comparison 
neut X5 Of 900 grams is introduced, the 


tı A n 
he Ra stimulus becomes 350 grams in 
Case St case and 550 grams in the secon 
he adaptation-level, in general, 
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tends to be determined largely by the 
values of? the series and background’ 
stimuli. The effects of past experience 
are usually not sufficient to displace the 
adaptation-level from within the stimulus 
continuum (10, p. 380). 

Helson says: K 

The concept of adaptation-level (AL) 
must not be restricted to the effects of 
prolonged adaptation to more or less 
constant stimulation with greatly re- 
duced capacity for response as a final 
end-state. There is an AL for every 
moment of stimulation. Itis a function 
of all the stimuli acting upon the organ- 
ism at any given moment as well as in the 
past (8, p. 3). 

Helson, in discussing the mathe- 
matical treatment of adaptation level, 


says: 

Choice of a logarithmic function is in 
keeping with the well-established Weber- 
Fechner law governing stimulus-response 
relationships over a fairly wide range as 
well as the law of diminishing returns 


ve in the wider field of social and 
The formula found 


d to be: 


operati 
economic behavior. 
adequate in vision prove 


AL = K(Ad A)t (1) 


where K is a fractional constant, Ao is 
the brightness of the background, and A 
is the logarithmic mean of the bright- 
nesses of the samples on the background. 
From this formula it is seen that the AL 
is a weighted geometric mean in which 
background is loaded three times as 
heavily as the log mean of all samples in 


the field (8, p- 3). 


Helson also discusses the relation 
between adaptation level and Weber’s 
law wherein he says: 


If the judgment of a stimulus, X;, de- 
pends upon its distance from adaptation- 
level, A, it seems reasonable to assume 
that the judgment is related to the num- 
ber of just noticeable differences between 
A and X; since “psychological” distance 
must be stated in psychophysical terms. 
We can derive psychological distance 
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from the physical magnitudes involved 
“by dividing the stimulus distance, X; — 
A, by the value of the j.n.d. in physical 
units also. According to Weber's law, 
the increment AX which must be added 
to obtain a just noticeable difference 
from a standard, X, is a constant fraction 
of X or: 

(1) 


where k is the Weber constant. Accord- 
ing to our basic assumption that judg- 
ments are made with respect to A, we 
should use this value as the base on 
which the Weber constant k operates. 
However, since a particular stimulus is 
being judged at any given time, we need 
to take its value into account also and 
hence we take the average of the two as 
the basis for a j.n.d. from adaptation- 
level giving equation (2): 


AA = k (X: + A)/2. 


AX = kX, 


(2) 


Equation (2) actually weights the stimu- 
lus immediately in perception and adap- 
tation-level equally in determining the 
size of the j.n.d. and this, the simplest 
assumption regarding their relative im- 
portance, proves to be adequate for a 
wide variety of data (9, pP: 302). 


Weber dealt with stimuli in a some- 


what static sense. His basic formula 
was: 


This formula stated verbally is: The 
Just noticeable increase in a stimulus 
1S a constant fraction of that stimulus. 
Fi echner enlarged upon this conception 
and his psychophysical formula was: 


S = Clog R, 


This formula stated verbally means, 
sensations are proportional to the 
logarithms of their exciting stimuli. 
An important theoretical question 
at this point is the possibility of con- 
structing a mathematical 
which will integrate the work of 
Weber, Fechner, Helson, and the 
maze-learning type of experiments dis- 


formula 
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cussed earlier. Another problem 
would be the utilization of such a 
formula in bringing together the fields 
of perception, learning, and classical 
and instrumental conditioning under 
one quantitative frame of reference. 
It then seems logical to try to inte- 
grate present-day experimental find- 
ings in various fields with the histori- 
cal work of Weber and Fechner. 

In reviewing the temperature ex- 
periment previously discussed, the 
assumption is made that psycho- 
physical phenomena operate within 
an adaptive framework. Possibly 
these temperature experiments reveal 
the adaptive nature of the process 
more clearly than do some other types 
of experiment. This same type of 
process could be involved in the 
weight-lifting experiments dealing 
with perceptual Phenomena. For 
every weight that is lifted we might 
postulate from Helson’s (10) experi- 
mental data on adaptation level, there 
will be a weight which weighs less and 
yet will elicit a judgment of equality 
from the subject. The physical dif- 
ference in the above weights could cor- 
respond to the difference in tempera- 
ture between the maze and the goal 
box. This frame of reference might 
also be applied to the classical condi- 
tioning type of experiments proposed 
by Pavlov and Liddell. In the classi- | 
cal conditioning technique, a, neutral 
stimulus could be established for the. 
conditioned stimulus which would be 
comparable to the neutral point in the 
temperature and weight experiments: 


Discussion oF A FIELD 
Concept oF STIMULUS 


The concept of stimulus has had 
many different definitions and appli- 
cations in psychology. It is the pur- 
Pose of this paper to emphasize the 
dynamic field aspects of the concept 
ofstimulus. Itis suggested here that» 
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operationally, stimulus should be 
thought of in two phases: one, the 
measure of the application of the 
stimulus, and, two, the measure of the 
stimulus after a stated period of 
adaptation by the organism to it. 
It is suggested that one j.n.d. below 
a stimulus should represent the stim- 
ulus in terms of the amount of adapta- 
tion exhibited by the organism. The 
theoretical viewpoint taken of the 
stimulus is that it is a field of energy 
per ondted by a difference acting upon 
“ee aes One part of the field is 
he om measure of the stimulus and 
ba other part is at least one j.n.d. 
elow the initial stimulus. 


A TENTATIVE MATHEMATICAL 
FORMULATION 


id following is a presentation and 
eer of a tentative mathematical 
diffe. ation of the theory of adaptive 
= entiation to be used asa tenta- 

© guide to experimental research. 
Weber’s formula, once again, is: 


A . Ne 
i tentative revision of Weber's for- 
ula would be: 


AG ASE 5 
a9 A 


Whe 
ae (a) Si represents the initial 
elow us, (0) Sj represents one j.nd. 
aliz the initial stimulus. The ver- 
he zation of this formula is as follows: 
us ala of difference in a stimu- 
etwe eld represented by the difference 
Mima the _ increment of the initial 
ieee” minus the increment of the 
Uiha o rich is one j.n.d. below the 
able q Stimulus to produce a just notice- 
e tfferentiation in the organism 
the -Í energy is a constant fraction of 
Werence in the stimulus field rep- 


rese 
nted by the difference between the 
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initial stgmulus and the stimulus which 
is one j.n.d. below it. 
Once again, Fechner’s formula is: 


S = Clog R. 


A tentative revision of the Fechner 
formula would be: 


d = Clog (Si — Sj), 


where (a) d represents organismic 
differentiations, (b) Si represents the 
initial stimulus, (c) Sj represents one 
j.n.d. below the initial stimulus, (d) 
C represents a constant. The verbal- 
ization of this formula is as follows: 
Organismic differentiations equal a con- 
stant times the logarithm of the differ- 
ence in the stimulus field of energy rep- 
resented by the difference between the 
initial stimulus and a stimulus which 
is one j.n.d. below the initial stimulus. 
SomE TENTATIVE POSTULATES 


The following are some postulates 
utilizing the above mathematical for- 
mulation. 

I (A) The increment of the differ- 
ence between the stimulus in a maze and 
a stimulus in the goal box which is one 
; n.d. below the stimulus in the maze to 
produce a just noticeable difference in 
time and errors is @ constant fraction of 
the difference between the stimulus in 
se and the stimulus in the goal 


the mas 
box which is one j.n.d. below the stimu- 


lus in the maze. 

(B) Differentiations in maze situ- 
ations in terms of time and errors are 
equal to a constant times the logarithm 
of the difference. 

The formula for (A) is: 


AMSi — AGS} _ x 
mi- oy > 


where (a) MSi represents the stimu- 
lus in the maze, (b) GSj represents the 
stimulus in the goal box which is one 
j.n.d. below the stimulus in the maze. 


t 
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The formula for (B) is: + 
MD = Clog (MSi — GSj), 


where (a) MD represents maze dif- 
ferentiations in terms of time and 
errors, (b) MSi represents the stimu- 
lus in the maze, (c) GSj represents the 
stimulus in the goal box which is one 
j.n.d. below the stimulus in the maze. 

An operational definition of GSj. 
GSj is obtained by utilizing time and 
errors rather than sensation or judg- 
ments in psychophysical experiments. 
The problem is, what is the least dif- 
ference between the maze stimulus and 
the goal stimulus to produce a just 
noticeable difference in time and errors 
from that which would appear by chance 
or in a situation where there was no dif- 
ference between the stimulus in the maze 
and the stimulus in the goal box. In 
other words, there should be a statis- 
tically significant difference in time 
and errors between the experimental 
situation where there is a difference 
between maze and the goal box and 
the experimental situation where there 
is no difference between the maze and 
the goal stimulus. 

Il (A) The increment of the differ- 
ence between an initial conditioned 
stimulus and a conditioned stimulus 
which is one j.n.d. below it to produce 
a just noticeable differentiation (utiliz- 
img a conditioned response in animals 
as a substitute for judgment) of stimuli 
1S a constant fraction of the difference 
between the initial conditioned stimulus 
and the conditioned stimulus which is 
one jn.d. below the initial conditioned 
stimulus 4 

(B) Differentiations of stimuli utiliz- 
ing conditioned responses as judgments 
equal a constant times the logarithm of 
the difference between the initial condi- 


‘This has reference to the experiments 
where animals are trained to discriminate be- 
tween different tones, etc., using the condi- 
tioned response as the index of the difference. 
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tioned stimulus and the conditioned 
stimulus which is one j.n.d. below_it. 
The formula for (A) is: 


ACSi — ACS} _ g% 
C= cs > 


where (a) CSi represents the initial 

conditioned stimulus, (b) CSj repre- 

sents the conditioned stimulus which 

is one j.n.d. below the initial stimulus. 
The formula for (B) is: 


CRD = Clog (CSi — CSj), 
where (a) CRD represents differenti- 


“ation of stimulus where conditioned 


responses are substituted for an act of 
judgment, (b) CSi represents the ini- 
tial conditioned stimulus, (c) CSj rep- 
resents the conditioned stimulus which 
is one j.n.d. below the initial condi- 
tioned stimulus. 

III (A) The increment of the dif- 
ference between a stimulus and a stimu- 
lus which is one j.n.d. below the initial 
stimulus for the organism to elicit a 
just noticeable differentiation utilizing 
an instrumental conditioned response as 
the equivalent of judgment is a constant 
fraction of the difference between the 
initial stimulus and a stimulus which is 
one j.n.d. below it. 

(B) Differentiations in terms of in- 
strumental conditioned responses equal 
a constant times the logarithm of the 
difference between the initial condi- 
tioned stimulus and the conditioned 
stimulus which is one j.n.d. below the 
initial conditioned stimulus. 

The formula for (A) is: 


ASi — AS] 
"Se = op ae A 


where (a) Si represents the initial in- 
strumental conditioned stimulus, (0) 
Sj represents the instrumental condi- 
tioned stimulus which is one j.n-d- 
below the initial stimulus. 

The formula for (B) is: 


ICRD = Clog (Si — Sj), 


r 


jå 
Y 


MATHEMATICAL FORMULATION 


where (a) ICRD represents instru- 
alee response differentiations, (b) 

1 represents the initial instrumental 
conditioned stimulus, (c) Sj repre- 
ae the stimulus which is one j.n.d. 

elow the initial stimulus, (4) C rep- 
resents a constant. 
a, (A) The increase in a difference 
A a stimulus and a stimul us which 
Pore pt below the initial stimulus 
oa uce a just noticeable differenti- 
ee lifted weights is a constant 
Sane of the difference between the 
pe us and the stimulus which is one 

-d, below the initial stimulus. 
Differentiations of lifted weights 
Me a A constant times the logarithm of 
ha ee between the initial stimu- 
eee the stimulus which is one j.n-d. 
he initial stimulus. 
The formula for (A) is: 


w : ogia 
ace (a) Si represents the initial 
ae alite, (b) Sj represents the stimu- 

S which is one j.n.d. below the initial 
Stimulus. 


The formula for (B) is: 
DW = Clog (Si — Si); 


Ee (a) DW represents the differ- 
repre ions of lifted weights, (b) Si 
e ats the initial stimulus, (Q] Sj 
Stim Pns one j.n.d. below the initia 
vi us, (d) C represents a constant. 
ence sy The increment of the difer- 
of co etween the intensity of a stimulus 
e nstant duration and the intensity of 
jn ulus of constant duration one 
Stima ee the initial intensity of the 
iffer, us to produce 4 just noticeable 
mee in the frequency of nerve im- 
ae within a single nerve fiber 15 @ 
twee ant fraction of the difference be- 
oe the initial intensity of the stimulus 
ates tant duration and the intensity 0 

p, Stimulus one j.n.d. below the initial 


ni . 
€nsily of the stimulus. 
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(B) The frequency of nerve impulses 
is equal to a constant times the logarithm 
of the difference between the initial in- 
tensity of a stimulus of constant time 
interval and the intensity of the stimulus 
which is one j.n.d. below the initial 
stimulus intensity. 

The formula for (A) is: 


AI, — Als 
I-I: 


where (a) Ji represents the initial in- 
tensity of a stimulus of constant time 
interval, (b) I: represents the intens- 
ity of the stimulus which is one j.n.d. 
below the initial stimulus. 

The formula for (B) is: 


FNI = Clog (i — I»), 


where (a) FNI represents the fre- 
quency of nerve impulses, (b) Jı rep- 
resents the initial intensity of the 
stimulus of constant time interval, 
(c) Iz represents the intensity of the 
stimulus which is one j.n.d. below the 
initial stimulus, (d) C represents a 
constant. 

VI (A) The increment of diference 
between the time interval of a stimulus of 
constant intensity and the time interval 


one j.n.d. below the initial time interval 
of the stimulus to produce a just notice- 


able difference in the frequency of im- 

ulses within a single nerve fiber is a 
constant fraction of the difference be- 
tween the initial time interval of the 
stimulus of constant intensity and the 
time interval one j.n.d. below ihe initial 
time interval of the stimulus. 

(B) The frequency of nerve impulses 
equals a constant times the logarithm of 
the difference between the initial time 
interval of a stimulus of constant intens- 
ity and the stimulus which is one j.n.d. 
below the initial time interval of the 
stimulus of constant intensity. 

The formula for (A) is: 


AT; — AT: 
Tı =a T? 


= K, 


= K, 
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where (a) Tı represents th2 initial 
time of a stimulus of constant intens- 
ity, (6) T2represents the time interval 
which is one j.n.d. below the time 
interval of the stimulus of constant 
intensity. 

The formula for (B) is: 


FNI = Clog (T; — T>), 


where (a) FNI represents the fre- 
quency of nerve impulses, (b) Tı rep- 
resents the initial time of a stimulus 
of constant intensity, (c) T, repre- 
sents the time interval which is one 
j.n.d. below the time interval of the 
stimulus of constant intensity, (d) C 
represents a constant. 


SOME APPLICATIONS OF Tuis 
FORMULATION TO EXISTING 
PsycHornysicaL DATA 


Most of the preceding postulates 
can be fitted to general psychophysical 
data. A simple example illustrating 
the application of previous data to 
this reinterpretation of the Weber- 
Fechner fraction can be taken from 
Garrett (5, pp. 334-335). In this 
experiment there are two stimuli, a 
standard and a variable comparison 
stimulus. These two stimuli might 
be lines, lights, tones, etc. The two 
stimuli have a value of 100 each. If 
the comparison stimulus is increased 
until a value of 110 is reached, it is 
judged to be just noticeably different 
from the standard. The Weber frac- 
tion is 1/10. 

The following are some calculations 


of j.n.d.'s based upon this Particular 
fraction: 


1. 100 
2. 110 
- 121 
133 
146.41 
161.05 
177.16 


NDN w 


8. 194.87 
9. 214.36 
10. 235.79 
11. 259.37 


Now, if the formula 


is applied between steps two and 
three or the figures, 110 and 121, the 
judgment in terms of this present the- 
ory would be from 1 to 2 or from 100 
to 110 respectively. The substitution 
in this formula would be: 
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ASi — ASj _ 
Si- Sj 7 


11 =10 i 
110 — 100 ~ 10° 


From the standpoint of the organ- 
ism, one may think of stimuli which 
are obtained by the Weber-Fechner 
fraction as ascending or descending in 
pairs and not as separate stimuli. 
The calculation now allows this rein- 
terpretation to fit any data where the 
Weber-Fechner fraction has been 
found to hold. 

In many applications of this mathe- 
matical formulation the supporting 
evidence will come from already ex- 
isting psychophysical data and the 
problem is merely reinterpreting the 
data in terms of a more dynamic point 


For postulate II on classical condi- 


the experimental work of 
(12), where psychophysical 
were applied to the condi- 
Ivanic skin response, may be 
For postulate III on in- 


strumental conditioning, reference 
may be made to Lashley (14). For 
ate IV on perception, one ex- 
has been discussed and others 
e standard weight-lifting experi- 
ments, etc. For postulate V on the 
frequency of nerve impulses in rela- 
tion to intensity of stimulation, refer- 
ence may be made to the data from 
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Hodgkin (11) where the relationship 
between the intensity of a stimulus 
and the frequency of impulses was 
Investigated in a single motor fiber 
from a crab. For postulate VI on 
the relationship between duration of 
the stimulus and its relation to the 
frequency of the impulse, reference 
should be made to the work of Hart- 
line (6) and Hartline and Graham (7) 
pee they studied the impulse dis- 
Charge of single photoreceptors of the 
oe crab. Postulate I on maze 
oe may be tested by further 
the ngs of temperature differences in 

experiment performed by Cald- 
well and Mosman (3). 


SUMMARY AND IMPLICATIONS 


añ rae previous postulates represent 
what TA ted homogen ization of some- 
Tt: cho ain fields in, psychology. 
ea be kept in mind that this 
and cae is a somewhat ideal one 
itane d be subject to the same 
een tons and criticisms that have 
peer es to the Weber-Fechner 
of it Ms Also, in actual applications 
labor: particularly outside of ideal 
aig conditions, the work of 
e Tao on background stimuli may 
Portant. 
€ question may be raised as to 
cae of such a mathematical 
ulation as presented herein. The 
ane are some suggestions per- 
Ng to its value. It allows: 
Psyohey eater semantic unification ©} 
ological theory; 
field oe precise quanti 
Cory; 
motiv, Peychopliysical treatment of 
ment. ion, learning, and reinforce- 


fication of 


aniye tthematical proof of the simi- 

Ment S between classical and instru- 
al conditioning; 

Eiis „more universal application of 
N's concept of adaptation level; 


[e] 
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6. for more specific, quantitatively 
measurable hypotheses for research; 

7. a dynamic interpretation of the 
Weber-Fechner law; 

8. the increasingly important con- 
cept of homeostasis to be tredted 
quantitatively. 

The previous formulations were 
presented with the idea of suggesting 
areasof research. This theory termed 
adaptive differentiation and its mathe- 
matical formulation were presented, 
not as something new, but rather as a 
new organization with the idea that it 
might further stimulate experimenters 
and theorists to focus on the problem 
of qualitative and quantitative uni- 


fication. 
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ADDITIVE SCALES AND STATISTICS 


C. J. BURKE 


Indiana University 


Psychological measurements do not 
possess the simple properties of the 
scales obtained for those basic dimen- 
sions of physics which have been desig- 
ae as “fundamental magnitudes.” 

he implications of this statement for 
quantitative psychology have been ex- 
tensively studied and discussed with 
yoong evaluations and recommenda- 
RS mis ag the recommendations 

„been such as to alter statistical 
Practices, had they been followed. 
Netan writers, notably Boring (2) 
ae tevens (6), have maintained that 
3 statistical concepts as the sample 
ean and standard deviation presup- 


- Pose, at the very least, a scale of 


peoe units of some kind, thus cast- 
he on the theoretical validity of 
hae sive reliance on the ż test, analysis 
ie tire, and other statistical tech- 
TA s widely used with psychological 
ae The resulting distrust of such 

ely used procedures has prompted 


C : 
Omrey (4) to seek their justification - 


ieee the strict limits of the tradi- 
a logic of measurement. 
to t is the purpose of the present paper 
analyze this issue and to show that 
Lae of the sample mean and standard 
ne does no violence upon the data, 
me ever the properties of the measure- 
ais Scale. Thus, the use of the usual 
eth tests is limited only by the 
-known statistical restrictions. 
duc argument to be given can be con- 
an ed from the axioms of probability 
Re the axiomatic basis of measurement, 
mer, cae detailed treatment would be 
Which” pretentious, since the results 
asic are necessary to establish the 
Psyop pomt are familiar to almost all 
Ychologists, : 
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THE NATURE OF MEASUREMENT ScaLEs 


(The term “object” as used below 
should not be restricted to its usual 
meaning of “physical object”; rather it 
is to be interpreted with sufficient 
breadth to give the statements through- 
out this section meaning for psychologi- 
cal as well as physical measurement pro- 
vided that the axioms can be satisfied.) 

Objects which can be ordered on the 
basis of a pair of (physical, psychologi- 
cal, or other) relations are said to define 
a “dimension.” For such objects there 
are two relations, objectual equality and 
objectual less-than-ness and the objects 
and relations satisfy the axioms of order 
reproduced by Comrey (4). Each ob- 
ject can be tagged with a number so that 
the numbers will satisfy a corresponding 
set of axioms. ‘Thus there is a corre- 
spondence between the two systems: 


(A) [Objects, objectual equality, ob- 
jectual Jess-than-ness. | 

(B) [Numbers, numerical equality, 
numerical less-than-ness. ] 


For some objects and relations, a further 
step is possible. An operation for com- 
bining the objects, “objectual addition,” 
can be found such that the system: 


(C) [Objects, objectual equality, ob- 
jectual less-than-ness, objectual addi- 
tion] 
satisfies four additional axioms of com- 
bination (Comrey [4]). When this is 
the case the objects can be tagged with 
numbers so that the system: 


(D) [Numbers, numerical equality, 
numerical less-than-ness, numerical ad- 
dition] 
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satisfies four corresponding additional 
axioms of combination. Thus, in this 
case, there is a correspondence between 
(C) and (D). 

When the systems (C) and (D) exist 
and correspond, we say that the objects 
define an “extensive dimension” and the 
numbers an “additive scale.” In this 
case, of course, the systems (A) and (B) 
also exist and correspond. 

When the systems (A) and (B) exist 
and correspond, but the systems (C) 
and (D) do not, we say that the objects 
define an “intensive dimension” and the 
numbers a “rank-order scale.” 

These matters are discussed in great 
detail by Campbell (3) and, more ade- 
quately for psychologists, by Bergmann 
and Spence (1). Pertinent information 
is presented in papers by Comrey (4) 
and Gulliksen (5). For our purposes, 
it is important to note only that the 
classification of a scale as additive de- 
pends upon the presence or absence of 
a certain correspondence, expressed in 
sets of axioms, between the numbers of 
the scale and the objects to which they 
refer—with, of course, appropriate order- 
ing relations and combinative operations 
for each. 


THE NATURE oF STATISTICS 


Statistical methods serve two major 
functions for psychologists. 

a. They are used to summarize the 
salient features of individual sets of 
data. 

b. They are used to 
ences between differen 
groups. 

. We shall discuss the second function 
in some detail, Testricting our discussion 
to the simple case in which two groups 
are compared. In the typical psycho- 
logical experiment the Operations per- 
formed by the experimenter yield two or 
more sets of numbers, (In fact, unless 
the data exist in numerical form, means 
and standard deviations cannot be com- 


test for differ- 
t experimental 


puted and the data are irrelevant for the 
present discussion.) It is obvious that 
two experimental groups will be judged 
alike or different in a given respect ac- 
cording as the collections of numbers 
classifying them in this respect are 
judged to be alike or different. It should 
be emphasized that we are here compar- 
ing the two sets of numbers as numbers 
and nothing else about them matters 
until after the statistical test has been 
made. The application of statistical 
techniques reflects merely our recogni- 
tion of the unreliability of the small sets 
of numbers we have obtained and our 
unwillingness to perform the experiment 
again and again to determine whether 
the direction of the difference between 
our groups is reliable. We conceptualize 
a larger set of numbers, the statistical 
population, from which the sets of num- 
bers we have obtained are two small 
samples, and inquire into the likelihood 
of two samples as disparate as we have 
observed arising from the given popula- 
tion. In answering this question, we 
often use the sample means and stand- 
ard deviations as indices of important as- 
pects of our collections of numbers, No 
interpretation other than this indicial one 
1S intended. Means and standard devia- 
tions are used because they can always 
be computed, since numbers can always 
be added, Subtracted, multiplied, and 
divided, and because means and stand- 
ard deviations, conceived of merely as 
the results of operations with numbers, 
behave in certain lawful statistical ways- 

In summary, the statistical technique 
begins and ends with the numbers and 
with statements about them. The psy- 
chological interpretation given to the ex- 
periment does take cognizance of the 
origin of the numbers but this is ir- 
relevant for, the statistical test as such. 
, Obviously, the same argument applies 
directly to the first function of statistics 
as well. The statement “The mean of 
these scores is 121” conveys in general 
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the same kind of information as the | 


statement “The median of these scores 
182022, 

The objection that a well-established 
unit is necessary before the mean and 
standard deviation can be computed 
Since their value is altered by a change 
in the absolute value of the scores 
(Comrey [4]) loses cogency when one 
notices that the mean and median will 
2 affected in precisely the same way by 
a cing a given number to each number 
fee sample and that the standard 
4 ies and the interquartile range will 
nged in the same way by multiply- 

ng each number in the sample by a 
&lven number. 


AN EXAMPLE 


ae establish the point in another 
tical e consider an example of a statis- 
up pa based on an additive measure. 
sticks atom we are presented with two 
lengths Ni B, of apparently equal 
room a xed on opposite sides of a 
Mei bit asked which is longer. We 
er le and obtain a larger num- 
are nearly The two numbers, however, 
Peat ik y the same and we decide to re- 
sure n?e Measurement “just to make 
larger On this occasion, we obtain a 
ave ips lue for B. We proceed until we 
and ne measurements on each stick 
aki to answer the question without 
he further measurements. 
ere are two collections of 100 num- 
each, one for stick A and one for 
ae We test the hypothesis that 
differ only through the unreliability 
ection measurements. A moment’s re- 
Concern will show that we are not at all 
the se ned with the additive nature of 
m, cale for length. In adding the 100 
m ers to obtain a mean for the meas- 
Ents on stick A, we treat them as 


bers 
Stick 
they 


Ure 


numbers ard as nothing else. We make 
no interpretations whatever about add- 
ing 100 sticks together—there are only 
two sticks. Moreover, our interpreta- 
tion by means of the # test is unaffected 
by the choice of length units we have 
made, provided that the units are the 
same for the two sticks. 

It is seen that the comparison of the 
sets of measurements on the two sticks 
differs in no essential way from the com- 
parison of two sets of 1Q’s. 


SUMMARY AND CONCLUSIONS 


We have noted that: (a) The proper- 
ties of a scale of measurement involve 
correspondences between sets of axioms 
about objects and numbers, with appro- 
priate relations and operations. (b) 
Statistical methods begin and end with 
numbers. 

From (a) and (b), we have deduced 
that the properties of a set of numbers 
as a measurement scale should have no 
effect upon the choice of statistical tech- 
niques for representing and interpreting 


the numbers. 
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THE AMES OSCILLATORY EFFECT: A REPLY TO PASTORE 


FRANKLIN P. KILPATRICK 


Princeton University 


Pastore’s (3) critical discussion in this 
journal of a portion of Ames’s (1) mono- 
graph on the rotating trapezoid has 
prompted this rejoinder based on close 
association with Ames during the time 
he was preparing his monograph and on 
a number of my experiments in which 
the rotating trapezoid was employed as 
basic apparatus (2). Discussion will be 
confined to Pastore’s comments concern- 
ing the generality of the oscillatory phe- 
nomenon, and to his asserted disagree- 
ment with Ames’s explanation. 

With regard to the generality of the 
phenomenon, Pastore says, “Ames . . . 
implies that the perceived oscillatory 
motion is unique to the trapezoidal win- 
dow. The writer [Pastore], however, 
found that the oscillatory effect could 
be obtained with a wide range of forms” 
(3, p. 319). Ames will no doubt be 
horrified that such an implication is to 
be found in his paper, but a careful read- 
ing of it would seem to mark him as at 
least partially guilty on that count. The 
implication is unintentional, however, as 
Ames experimented with a great variety 
of forms which, when rotated, yield some 
degree of apparent oscillation. A num- 
ber of these forms are described in the 
appendix to his paper (1). Ames’s final 
selection of a form was based on his 
desire to maximize the amount and sta- 
bility of the apparent oscillation so the 
phenomenon could be studied more con- 
veniently and so it would not break down 
easily when placed in conflict with other 
moving objects. In his concentration on 
these ends, Ames failed adequately to 
point out the generality of the phenome- 
non, and Pastore must be credited with 
having performed a most necessary serv- 
ice. 
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However, it should be noted that such 
generality covering such a very wide 
range of forms as that described by 
Pastore is probably an artifact of Pas- 
tore’s method. Pastore says, “Although 
the writer used smaller figures than did 
Ames, it is most likely that similar re- 
sults will be obtained if larger figures 
were employed” (3, p. 319-20). On the 
contrary, it is most unlikely that similar 
results will be obtained if observation 
distance remains the same. Pastore’s 
assertion overlooks the vital roles played 
by changing horizontal and vertical vis- 
ual angles in the perception of either 
oscillation or rotation. Let us suppose 
that a rectangular plane figure is rotated 
once completely, starting at a position 
normal to the line of sight (0°). The 
horizontal visual angle (or the horizon- 
tal dimension of the retinal pattern) is 
at its maximum at 0°, diminishes unti 
it is at a minimum at 90°, when the fig- 
ure is seen end-on, increases to its max!” 
mum at 180°, decreases to its minimu™ 
at 270°, and finally reaches its ma*! 
mum again at 360°. Exactly the sam? 
changes take place if the plane is turn? 
to 180° and then reversed to 0°; that 
is, if it oscillates. Additional “inform 
tion” is needed, then, to distinguish T” 
tation and oscillation. The possib e 
sources of information are many, 
in the case of objects with relatively B9 
mogeneous surfaces and balanced light 
ing (such as those used by Pastore), 
most important source is the asymmet™ 
cal alterations in the vertical dimensio™® 
of the retinal image. These are not the 
same for rotation and oscillation, and ne 
most cases serve very well in differential” 
ing the two. However, to the degre? 
that the figures are made small or 9 
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servation distance is increased, these 
asymmetrical alterations in the vertical 
dimensions of the retinal image become 
less effective, and the motion of the fig- 
ure becomes more ambiguous. It may 
p either as oscillating or as rotat- 
A Pastore gives us little data concerning 
; ae size or observation distance, but if 

e 1% x 5” figure and the 35-foot ob- 
aaa distance he gives in one in- 
a Sa may be taken as representative, 
eS most certain that many of his re- 
au ed be accounted for in terms of 
Bee analysis. This is not the phe- 
ce on described by Ames. The il- 
aa y oscillation he described is quite 
ples with a large figure at a near 
ae = ; in fact, within limits, and for 
ee observation, the larger the 
“sinh and the nearer the distance, the 
ee ‘unequivocal it becomes. Ames 
1944 is his laboratory work a figure 
a im ee 2354" high at one side, and 
Rica igh at the other, with a viewing 
ae ay about 10 feet (monocular). 
Bott th, is apparatus most observers Te- 
Se ae some of the illusory effects 
and present even when they move 
Cleng to a distance of 5 or 6 feet. 
for a some other explanation is called 
to te p9 that is what Ames endeavored 

It y in his monograph. 
on = with this explanation that Pas- 
ae ys he disagrees. But does he dis- 

e? Ames says, 


tae the trapezoidal window starts to TO- 
line of - [from a position normal to the 
left] sight with the short edge to the 
the tha as the total horizontal angle that 
lecreg pezoidal window subtends to the eye 
cuca At the beginning of this de- 
tipped the trapezoidal window appears 
learned hade ag the rieti se: BES been 
tangul from past experience with rec- 
Ofizont forms that a decrease of the total 
a recta, al angle of our retinal images of 
Pears pearly perceived form which ap- 
could ipped away from us On the left 

only take place if the side on the 


left went farther away. If it came nearer. 
the total horizontal angle of our e 
images would have to increase. So we in- 
terpret this decrease in the total horizontal 
dimension of our retinal stimulus pattern 
.as a going-away of the left side of the 
window. That is, the window appears, to 
reverse its direction of rotation and as the 
left side of the window keeps coming to- 
ward us, it appears to be going farther 
away. A similar apparent reversal is seen 
to take place when the trapezoidal window 
has revolved to a position where the short 
side . . . is to the right (1, pP- 15-16). 


The heart of Pastore’s “alternative in- 
terpretation” which “. . . seems to be 
in closer accord with the facts and also 
enables one to predict the occurrence of 
the oscillation effect” (3, p. 321) is as 
follows: 
urn to the original as- 
sumed position of the trapezoidal figure— 
viz., at a tilt of plus 45 degrees. It so hap- 
pens that the usual O will perceive the tilt 


to be not plus 45 degrees but some nega- 


tive acute angle. That is to say, the long 
“ill be seen as being 


Let us now ret 


he actual tilt, the retinal pro- 


the rotating trapezoidal figure 


jection of 
In the 


must remain an expan 


phenomenal experience 0 
be the case when the perceived direction of 


rotation of the trapezoidal figure is coun- 
ter-clockwise (3, p. 321). 


Ames chose for his illustration the 

ortion of the figure’s rotation when the 
retinal image is contracting; Pastore 
chose the portion when it is expanding. 
Otherwise the explanations are identical, 
unless Pastore means by “the phenome- 
nal experience of O” something other 
than the sort of experience specified by 
Ames. 

Tt may be that he does mean some- 
thing different, because in one instance 
(3, p. 320) he quotes a statement by 
Ames concerning the nature of the ex- 
perience involved, and then asks, “But 


t 
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how could the individual, in his actions 
undertaken in an environment in which 
the retinal impression of rectilinear * 
forms is most frequently nonrectilinear, 
form an assumption about rectilinear- 
ity which is claimed to be so effective 
in Shaping the sensory material? Why 
not form an assumption of ‘trapezoidal- 
ness’?” (3, pp. 320-21). These ques- 
tions indicate a misunderstanding of 
Ames’s point. Ames does not suggest 
that the crucial experience is with a 
retinal pattern; he does not imply that 
the observer is looking at his own retina. 
On the contrary, the crucial experience 
is that of manipulating, dealing with, 
acting toward rectangular forms, It 
seems likely that we would, indeed, form 
assumptions of trapezoidalness if we 
lived in a world of trapezoidal forms. 

Perhaps the key to this misunder- 
standing lies in what appears to be a 
preference by Pastore (3, pp. 321, 323) 
for a purely Gestalt explanation divorced 
from empiricism. If so, the issue is a 
clear one. Ames would agree “. . . that 
the preferred perceptual tendency is the 
outcome of the distribution of central 
processes (which are functionally related 
to retinal impressions) . , .” (3, p. 321), 
but would argue that the distribution 
and functional relationship must be ac- 
counted for mainly in terms of past ex- 
perience. If this is the true issue, how- 
ever, one still wonders what Pastore 


means by “the Phenomenal experience 
OL.” 


Another matter regarding Pastore’s 


“alternative interpretation” should be 
mentioned. He Says, “One point of the 
interpretation Proposed by the writer 
[Pastore] which remains unexplained 
concerns the factors responsible for a 
perceived surface whose tilt differs from 


* Pastore no doubt means “rectangular? (the 
term used by Ames) rather than “rectilinear,” 
A trapezoid is rectilinear (i.e, bounded by 
straight lines), but not rectangular, 
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the actual surface” (3, p. 323), thus giv- 
ing the impression that the point is not 
central to Ames’s explanation and per- 
haps was not even considered by Ames. 
On the contrary, Ames explicitly raised 
this point (1, pp. 7, 13, 16) and dealt 
with it at length. In fact, he even went 
to the trouble of preparing a 49-figure 
chart (1, p. 6) whose major function 1S 
to illustrate his discussion of that par- 
ticular problem, 

Incidentally, Pastore errs in his de- 
scription of the role played by the dis- 
crepancy between perceived and actual 
tilt. He states, “It will be shown that 
oscillation (or reversal of the actual ro- 
tation of the plane figure) occurs when 
O’s perception of the tilt of the plane 
does not coincide with the actual tilt” 
(3, p. 321). There are two possible in- 
terpretations of this assertion, (a) that 
perceived and actual tilt are disparate 
only during the reversal, or (b) that 
during the reversal perceived and actual 
tilt do not coincide, If he means the 
first, he is clearly wrong. It is true of 
some figures (a rectangle, for example), 
but the only time the trapezoid is seen in 
its true position is when it is end-on. 
Then there is no tilt to be seen, just 4 
line. If he intends the second interpre- 
tation, the statement is tautological and 
has no explanatory value, Of course 
Perceived and actual tilt do not coincide 
during the illusory reversal. 

It seems fair to say, in summary, that 
although Pastore and Ames may be 1? 
basic disagreement, it is not yet cleat 
wherein that disagreement lies. Th? 
supposedly contradictory evidence Pas 
tore reports was secured under condi- 
tions not at all comparable to those 
which obtained in the experiment he crit- 
icizes, and a major share of his discus 
sion is Concerned with issues which # 
careful study of Ames’s monograP? 
shows to be nonexistent. 
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eae question of the factors upon 
fee a resumption of interrupted activi- 
little Xe has received surprisingly 
af th : tention despite the importance 
experi interruption technique for the 
ion seg study of human motiva- 
resin in possible explanations of the 
oa ption of unfinished tasks have 
340) oe by Ovsiankina (5, P. 
he investigated by Adler and 
y TR ), and subsequently discussed 
Ses Beene (3, p. 820). These hypothe- 
Present ne the problem with which the 
LT Paper is concerned: 
might te decisive factor for resumption 
A oats the need tension created when 
orm "es originally undertook to per- 
he ates The incompleteness of 
nificant ‘aie then, would only be sig- 
remained ecause the corresponding need 
is = unsatisfied. Resumption 1n 
Olvin, se would have the function of re- 
8 the underlying need tension. 

from Resumption might arise primarily 
compl e subject’s perception of the in- 
te eae of the task itself and his 
tion ition that the task requires ac- 
to aro his perception might be assumed 
Petson. a need for completion in the 
Sumpt But the function of the re- 
on would be to meet the demands 


‘Thi 
When es Paper was prepared by Mary Henle 
e was a Fellow of the John Simon 


Gy 
Egenhej 
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of the task, not primarily—or, at least, 
not originally—to satisfy the needs of 
the individual. 

Both hypotheses, it will be noted, as- 
sign a role in resumption to the sub- 
ject’s need and to the incompleteness of 
the task, which possesses a valence for 
completion. But the first alternative 
makes the valence of the unfinished 
work a mere symptom of the already 
existing need tension, whereas the sec- 
ond hypothesis states that the forces 
responsible for resumption may issue 
primarily from the perception of the 
unfinished task itself. The two hy- 
potheses are, of course, not mutually 
exclusive. 

It might be argued that since we must 
assume that the needs of the person are 
involved in both cases, no real theo- 
retical issue exists. But this does not 
solve the problem: the problem merely 
repeats itself on a different level. For 
then we must distinguish between the 
ego’s needs in the service of a situation 
and those in the service of the individual 
(cf. 2). 

There seems to be ample evidence 
that an unsatisfied need of the subject 
may lead to the resumption of an in- 
terrupted activity. Ovsiankina’s result, 
a very high percentage of resumption of 
interrupted activities, was-obtained with 
tasks which were trivial in nature, which 
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did not urgently demand action from 
the subject. It was obtained, further- 
more, with a variety of tasks, whose 
specific demands varied. There would 
appear, then, to be little doubt that a 
need tension within the subject may be 
decisive for resumption. 

On the other hand, the evidence now 
to be reviewed would seem to exclude 
the second hypothesis. 

Ovsiankina reports two sets of ob- 
servations which lead her to reject or 
minimize the perceived incompleteness 
of the task as a factor decisive for its 
resumption, 

1. She studied the part which the 
actual sight of the incomplete task 
played in 230 cases of resumption. In 
only a minority of cases (22 per cent) 
was resumption clearly related to the 
sight of the unfinished task. In a larger 
number of cases (33.5 per cent) the 
Previous sight of the task was not nec- 
essary for resumption, as evidenced by 
subjects’ introspections; also by in- 
stances in which the incomplete task 
was purposely hidden from the subject, 
who then had to ask for it or search for 
it in order to resume it; and by cases 
in which the subject, while in another 
room, announced his intention of re- 
suming the unfinished work. The re- 
maining instances were transitional cases 
in which, Ovsiankina states, it was diffi- 
cult to decide just how much the sight 


of the task had to do with the resump- 
tion. 


finished activities, 


to discover 
d occur with 
ad not origi- 
nally been started by the subject him- 
ore, no need 
tensions could be assumed. 

Two tasks which had been used suc- 


cessfully in previous experiments were 
employed. They were left partially 
completed on a laboratory table. Only 
3 of 11 subjects (27 per cent) resumed 
the unfinished work, although the same 
tasks showed resumption in 79 per cent 
of the cases in the main experiments 
with the interruption technique. -BY 
contrast with the prompt resumptions 
in the main experiments, one of the 
three resumptions occurred only after 
40 minutes in the experimental room. 

A repetition of the experiment with 
a different, more familiar task gave 
substantially the same results; only 1 
of 11 subjects (9 per cent) resumed the 
incomplete task which was not his own, 
whereas the same activity had been re- 
sumed in 82 per cent of the cases in eX” 
periments with the interruption tech- 
nique. 

From the above evidence Oysiankin@ 
comes to the following conclusions (5; 
pp. 345-6): 


A tendency to completion may issue fro™ 
an incomplete activity. In our experiments» 
however, this tendency is extraordinarily 
weak by comparison with the forces driving 
to resumption which issue from the quas 
need arising from the interruption of wot 
which has been begun. The decisive Ta 
tor, therefore, for the tendency to resume 
tion in our experiments is the existence 
@ corresponding inner tension system. 

Such an inner tension does not arise fr e 
the subject’s perception of an incomple 
task which is not his own, but presuppos® 
the establishment, by instruction or occupe” 
tion with the activity, of a special relation 
ship between the subject and the work suC 
that the person makes the work his own- 


The last described experiment g 
Ovsiankina has been criticized by Ade 
and Kounin (1) in a number of * 
spects: d 
1. The number of subjects employ® 
was insufficient. jp 

2. No attempt was made to ascen 
that the incomplete task started by # 
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other person was actually psychologi- 
cally present in the subject’s life space. 
a ge absence of specific instruc- 
fee’ i : ale had no reason to be- 
m 7 
at A etion of the task was 
fa eg ots Kounin devised experi- 
ties Ba ich are free of these difficul- 
A i which they consider, therefore, 
ee ae suitable for deciding whether 
kom = need or perception of the in- 
the a of the task is decisive for 
fig Sumption of interrupted activities. 
ae experiments were intended to cre- 
Nittiched ont in which two identical 
subject's : tasks were present in the 
fate ies life space at equal distances 
stitted by One of the tasks had been 
aA y the subject himself (“I-task” 
Bie he page while the other 
ee in a condition of incom- 
ae ss ( U-task” or unfinished task). 
only f s quasi-need could be assumed 
task bt the former. Should the “own” 
and RS chosen for completion, Adler 
X a state, this preference must 
need ae to the effect of the quasi- 
other ha in the person. If, on the 
oi a no marked difference should 
é ae in the amount of resumption 
Propos wo tasks then, Adler and Kounin 
must a the need within the person 
e eliminated as a decisive factor, 
ia prion would have to be ac- 
ion of ged reference to the percep- 
he e incomplete task alone. | 
Was pe experiment of Adler and Kounin 
i ane ormed with 22 children, ranging 
Went from about four to five years. 
k aed subjects or 91 per cent resumed 
Per ce n task (I-task), one subject (4 
another > resumed the task started by 
Subject Person (U-task), and another 
tasks failed to resume either of the 
Prom, The resumptions occurred 
b eed and were generally followed 
Reaction of the task. 
the ding to the authors (1, P- 263) 
Bc findings 


all argue for the same conclusion—resump- 
tion of the interrupted task depends here 
upon the established tension system corre- 
sponding to the quasi-need. The resump- 
tion of the U-task in only one case out of 
twenty-two argues against an interpretation 
of this resumption based upon the nature 
of the unfinished task, per se. Generaliz- 
ing from these data we may say that the 
tension t(G) is a determining factor in re- 


sumption.” 


These conclusions are in essential 
agreement with those of Ovsiankina 
cited above. 

Lewin (3, p- 820) cites the work 
which has been described here as evi- 
dence that “the presence of uncompleted 
work of another person does not lead 
(or extremely seldom leads) to sponta- 
neous completion in adults (Ovsiankina, 
1928) or in children (Adler and Kounin, 
1939). Both results indicate that the 
state of the need of the child is decisive 
for resumption.” 

While there are undoubtedly many 
cases which fit this description, a num- 
ber of considerations make us question 
the general validity of these conclu- 
sions: ’ 

1. It is of interest to note that the 
conclusions of Ovsiankina, Adler and 
Kounin, and Lewin which have been 
cited here are not consistent with the 
general theoretical framework from 
which the studies in question evolved. 
Behavior, Lewin states, is a function of 
both the person and the psychological 
environment. He regards behavior as 
truly the result of an interaction be- 
tween person and environment. But in- 
teraction cannot be regarded as a one- 
way affair, the person simply acting on 
a passive environment. We should 
therefore expect to find cases in which 
the forces underlying behavior issue 
primarily from the perceived object in 
the environment, and not only cases in 


2“t(G) =the tension corresponding to some 
quasi-need tha, e (RS). 
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which the forces arise primarily in the 
person. 

2. The conclusions drawn by Lewin, 
Ovsiankina, and Adler and Kounin are 
in conflict with certain evidence from 
real life situations. We know that there 
are situations which call for action and 
which are acted upon by observers who 
have had no previous part in the event. 
For example, we right a chair which is 
about to fall or prevent an accident by 
last-minute action. There are also cases 
in which people do resume the un- 
finished tasks of others, for example re- 
suming and carrying forward research 
which leaves essential issues undecided, 
taking up and following through the 
ideas and ideals of others. The same 
applies to many situations which involve 
helping and replacing others. 

3. Experimental evidence which ap- 
pears in certain respects to contradict 
the conclusions of Adler and Kounin has 
been presented by Lewis (4). This in- 
vestigator has demonstrated that in a 
truly cooperative situation the comple- 
tion of a task by a co-worker may be 
just as satisfactory as completing the 
task oneself. More specifically, Lewis 
has shown that in a cooperative situa- 
tion no difference exists in the amount 
of recall of self-completed tasks and in- 
terrupted tasks which the partner has 
completed. Zeigarnik (7), it will be re- 
called, demonstrated. that unfinished 
tasks are favored in memory over com- 
pleted ones. In Lewis’ experiment, tasks 
left unfinished by the subject but com- 
pleted by a cooperating partner behaved 
like completed tasks in recall. 

Since these findings are opposed to the 
conclusions of Adler and Kounin, Lewis 
is led to call these Conclusions into ques- 
tion. She writes (4, p. 206): “Actually, 
this experiment of Adler and Kounin 
missed the crucial point. Their results 
do not demonstrate that a person’s needs 
may not directly conform to the objec- 
tive requirements of the Situation, but 
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only that when the objective require: 
ments are identical, a greater need arises 
to complete a task which one has pel 
sonally begun.” 

Lewis’ criticism may be warranted, 


but an even more fundamental difficulty — 


has hitherto been overlooked. When 
comparing the effects of two conditions 
(here “ownership” vs. nonownership ° 
a task), one assumes that the psych? 
logical situation is the same except f0 
the condition being varied. The inves 
gation of Adler and Kounin makes p 
assumption. These experimenters © 
fered their subjects the choice betwee” 
objectively identical I- and U-tasks fo" 
resumption. Their investigation rest 
on the assumption that these tasks wel 
likewise psychologically identical for n 
subjects. This is something that mus 
be established, however, rather tha? 
taken for granted. Once we conside! 
the psychological situation, it is 2° 
longer self-evident that the two alterna 
tives were alike in all respects exceP 
ownership. Before the argument ° 
Adler and Kounin can be accepted: 
therefore, investigation is needed to dij 
termine the meaning of the I- and 2 
tasks for the subjects. In the absen? 
of such investigation we are not justifie? 
in drawing conclusions about the ia 
tors responsible for the resumption 
activities, 


EXPERIMENTAL OBSERVATIONS 


The first problem of investigatio” 
consists, therefore, in a re-examinatio 
of the work of Adler and Kounin. 
order to do this, we report briefly a 
repetition of the experiment of GE 
writers. The only important respect 1s 
which the present experiment diffe) 
from that of Adler and Kounin is th 
an effort was made to learn as mU E 
as possible about the subject’s unde 
Standing of the experimental situatio 
Otherwise the experimental plan of d: 
Previous investigators was followê 


RESUMPTION OF INTERRUPTED ACTIVITIES 


Two identical tasks, one started by the 
subject himself (I-task) and one left 
unfinished by someone else (U-task), 
eee offered to the subject for resump- 
Experimental tasks. The tasks em- 
Ployed in this experiment were similar 
to those of Adler and Kounin. The I- 
F U-tasks included two identical 
aea cardboard houses, 10 inches in 
ne ey 6 inches in width. Before 
Rea te was a green wooden peg- 
16? a by 8 inches, each containing 
Bis. es. About 50 colored wooden 
thse tii provided with each house; 
Ble Es) be fitted into the holes 
fene rime yard” so as to construct a 
egs y n addition, some 30 colored 
ee various shapes, to be used as 
‘i 3 es flowers, etc. were supplied 
a house and were to be used to 
Set ons oe These materials were 
ae n a table, about 81 by 40 inches, 
Kere ‘fea manner that the two tasks 
ae ut 40 inches apart. 
relic ption task consisted of a 
Rito, cloth duck partially stuffed with 
Pbided Additional stuffing was 
stuff th , and the child’s task was to 
ra oe and pin it together. 
an Ut ure. The materials for the I- 
ital i were set out on the experi- 
ce able before the experiment be- 
~ The former (I-task) was left un- 
» all the pegs still contained in 
a Se The U-task had already 
D eq on: about ten pickets had been 
A a holes to start the fence, and 
Ott in y and two flowers had been set 
he i € garden. The E brought S into 
A esperimenta] room and led him to 
alloy Petimental table. The child was 
the sity a moment in which to survey 
i S ation, Then Æ gave the follow- 
Tuctions: 


Look 7; 
Eoin i Jimmy, what we have. Now Iam 
two Ou; tell you all about it. You see the 
ses? (Æ leads S to the U-task.) 


This house has some trees and flowers in 
the garden and it has part of a fence 
around the yard. (E leads S$ to the I- 
task.) Now here is the other house. But 
it doesn’t have a garden yet and no trees 
and flowers and no fence. And here in 
these boxes are all the things that you need 
for a fence and a garden. Now would you 
like to make a fence all around the house 
and make a pretty yard with all these trees 


and flowers? 


When the I-task had been brought to 
approximately the same degree of com- 
pletion as the U-task, E interrupted S 
by saying: 

Come over here, please, and see what I 
have here. Look at this nice duck. It’s all 
flat; the cotton came out. I would like 
you to put some cotton in and make him 


nice and fat again. 


When S had finished this task, Æ had 
intended to say: “Now, Jimmy, I have 
some writing to do. You go ahead and 
play by yourself with anything you 
want.” These last instructions, how- 
ever, never had to be used in this experi- 
ment.? 

Careful records were kept of S’s be- 
havior during the experiment and of all 
relevant spontaneous remarks. In addi- 
tion, questions were occasionally asked 
by E in order to appraise the psycho- 
logical situation of the subject. 


Subjects. Twenty children, ten boys 
and ten girls, served as subjects in this 
experiment. They were pupils in a 


kindergarten class at the Gregory Ave- 
nue Public School in West Orange, N. Ji 
They ranged in age from five to six 


years. Their IQ’s ranged from 89 to 


3Qur experimental procedure, it should be 
noted, meets the conditions which Adler and 
Kounin consider to be necessary if the experi- 
ment is to provide a real test of the strength 
of the tendency to resume one’s own task as 
compared with the work of another (1, p. 
260): (a) To insure the psychological pres- 
ence of both tasks for S, E introduced him to 
the U-task before allowing him to proceed 
with the I-task—the same method employed 


85 


86 


140, with a mean of 107. Ẹ had become 
acquainted with the children during a 
two-hour session prior to the experi- 
ments. 

Results. All 20 children resumed 
their own task after completing the in- 
terruption task. Our results thus offer 
striking confirmation of the quantitative 
findings of Adler and Kounin. 

All resumptions occurred immediately 
and spontaneously; indeed, so prompt 
were the resumptions that E never had 
the opportunity to give the last part of 
the instructions. Noteworthy also was 
the marked reluctance of subjects to in- 
terrupt the I-task; repeated urging was 
generally needed. All Ss, furthermore, 
carried the I-task to completion. 

The interpretation of Adler and 
Kounin, as stated above, rests on the 
assumption of the psychological identity 
of the I-task and the U-task. Specifi- 
cally, it is assumed (a) that the two 
tasks are psychologically identical for 
the child, and (b) that they are psycho- 
logically on equal terms. Our qualita- 
tive data, now to be presented, challenge 
both these assumptions. 

1. The qualitative evidence clearly 
shows that the two tasks are not psy- 
chologically identical. The child, in the 
course of working with the I-task, gives 
it a specific Meaning or a new function 
which the U-task lacks. The I-task, in 
other words, comes to acquire new prop- 
erties not possessed by the U-task. The 
demands of the two activities can thus 
no longer be considered to be alike. 
Two types of protocols may be cited as 

“evidence for this difference, 
by Adler and Kounin, 
tions, modeled after tho. 


vestigators, were intend. 
fectly free to resume 


(b) The final 


Striking evi- 
experimental 
dditional in- 
(c) That the 


S or our Ss was 
evidenced throughout by their behavior, 
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a. A number of subjects made up 
stories around the I-task. Completion, 
then, no longer meant merely meeting 
the formal demands of the task as en- 
visaged by E (demands also possessed 
by the U-task); the demands of the 
story, too, had to be satisfied. The fol- 
lowing protocols are representative: 


Subject 1: “I better hurry up or the dog 
will run out... . Their Great Dane wi 
run out if I don’t hurry.” (Finishes fence.) 
“There, now you can’t get out!” I 

Subject 4: “Im going to make it reo 
pretty. . . . This house is for sale. That’s 
why it has to be pretty.” í 

Subject 6: “I am going to put a lot 0 
flowers in. . . . What are we going to do 
The children will pick all the nice flower“ 
The mother just will have to put anothef 
fence around so they can’t pick them. Just 
wait, children, in half an hour I will be 
done. Let’s hurry, or they will pick them 
on the other side. . . So, now they ca? 
pick the flowers.” 


In these cases, then, the task is 2? 
longer the task as it was set by £. It 
is not just a matter of building a fence 
around a house; rather, the Great Da”? 
must be prevented from running away 
or the flowers must be protected agains 
children, or else a house must be mac” 
Suitable for sale. These specific mea? 
ings and requirements are not possess? 
by the U-task. The I-task is thus om 
Psychologically equivalent to the 5 
task. Its properties and requireme? | 
are different and, one also suspe. 
more compelling than those of the 
task. 

5. Other Ss, prior to interruption, 
nounced a plan of action with rega" 
the I-task.* Completion of the la 


ie 
d t? 
te! 


y 
*This possibility has been mentioned p 
Torrey (6, p. 203). Commenting on the“. 
terpretation of Adler and Kounin, she Wi y 
“The perception of a task which is me pat 
seen partly done by another person and 5i f 
of a task which the individual has birani 
worked on are themselves sufficiently aim in 
to warrant the prediction that they Wi 
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thus means the specific completion de- 
manded by the plan. Again the prop- 
erties of the I-task have changed as 
compared with those of the U-task. 
The following examples may be cited: 


Subject 11: “I am going to use pretty 
colors and put trees right across the front.” 
Biante 19: “I want this tree right here; 

ike it. There is nothing going to be here, 
except all little flowers. My aunt has a 
house like this.” 


ag In a considerable number of cases, 
Ee "cabana evidence reveals, the I- 
ae -tasks come to be distinguished 
ar e different roles which they play 
task e experimental situation. The U- 
Lt is perceived as a model, while the 
ask becomes the main task. 

re Ss expressly stated their 
E that the U-task was introduced 
Sa model. For example: 


ee 16: “I am going to make it 
À a #39 : 

ing at ea better than this” (point- 
eet 18, after staring at the U-task in 
ecient happily starts his I-task. Later, 
you TE to the U-task, he remarks: “I bet 
aml he (U-task) is to show how to do it 

this (I-task) is to do. Right?” 


a Other Ss clearly indicated by their 
they aH during the experiment, though 
oan not expressly state it, that they 
modal tan and used the U-task as a 

a or the I-task. They studied the 
Oa. before starting their own, walked 
Bere Oi while they were doing the I- 


flu 
wellie behavior differently. . . . Perhaps the 
‘one ulated plan of how the task shall be 
of tiet the most important additional aspect 
Ension ask actually begun by the subject. The 
of the when this plan, which is the product 
into w, subject’s own imagination, is broken 
peua be much greater than what might 
Else's pired by mere inspection of someone 
half-done work.” 
Pleteq et experiment, which was com- 
Per k efore the publication of Torrey’s pa- 
though ows that this is a good hypothesis, 
s not sufficient to account for the re- 


Sult, 
of Adler and Kounin. 


task, ran back and forth between the 
two tasks or looked over to the U-task 
before making new moves on the I-task. 
This was particularly true of Ss who 
otherwise displayed insecurity in their 
behavior. The following examples are 
typical: 2 
Subject 2, a frightened little girl, kept 
looking back and forth between the U-task 
and her own, anxiously using the former as 


a model. 

Subject 10, after finishing the fence, 
walks over to the U-task, her hands full of 
pegs, and looks at it again before she starts 
to work on the garden. 

Subject 17, though evidently anxious to 
start the I-task, runs over twice to inspect 
the U-task before he begins work on his 


own. 


Thus, by assuming the role of model, 

the U-task becomes psychologically dif- 
ferent from the I-task. As with our 
other cases, one suspects that here too 
the difference between the two activities 
favors the resumption of the I-task. It 
seems safe to assume that the forces 
issuing from the main task are stronger 
than those issuing: from a mere model, 
which is hardly a task at all in its own 
right. 
‘Almost all Ss of this experiment can 
be placed in one or more of the cate- 
gories listed above. In a few cases the 
child was not sufficiently communica- 
tive and his behavior not sufficiently re- 
vealing to indicate the specific meaning 
of the experimental tasks to him. There 
seems, however, to be no reason to as- 
sume that the psychological situation 
was essentially different for these un- 
communicative children than for the 
others. 

Since the procedure of the present ex- 
periment was patterned closely after 
that of Adler and Kounin, and since the 
quantitative results agree well with 
theirs, it may be assumed that the es- 
sential conditions of these investigators 
have been reproduced here. But qualita- 
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tive study reveals that under these con- 
ditions the I-task and the U-task, de- 
spite their physical identity, are by no 
means psychologically identical. Fur- 
thermore, the differences between them 
appear to be such as to favor the re- 
sumption of the I-task. We can there- 
fore not conclude, as do Adler and 
Kounin, that this task is preferred to the 
U-task because it is the individual’s own, 
not someone else’s activity. It might 
also be that the other differences in the 
properties and roles of the two kinds of 
tasks are responsible for the difference 
in resumption between them. 

The question of what factor is decisive 
for the resumption of interrupted ac- 
tivities—the tension system within the 
person or the perceived demands of the 
task—is thus reopened by the findings 
of the present experiment. We are again 
led to ask: Will it always be true that a 
person deals with his own task in a 
privileged way? We have preliminary 
evidence which suggests that this is not 
always the case, that there are condi- 
tions under which a child is just as likely 
to resume and carry to completion the 
unfinished activity of another person as 
to start a task of his own. In any case, 
it is clear from the present investigation 
that it is by no means established that 
the needs of the individual are the only 
factors decisive for resumption. 


5It might be ar 
has only shown th. 
dividual’s relation 
the latter occur, 


gued that our experiment 
at, in the course of the in- 
s with an object, changes in 

This argument does not, 
however, do away with our present problem: 
we are here concerned with testing the as- 
sumption of Adler and Kounin that the prop- 
erties of the I-task and the U-task are identi- 
cal, so that a preference for the former in re- 
sumption is to be attributed to the quasi-need 
of the subject. The error of these investi- 
gators consists precisely in ignoring the changes 
which occur in a task in the course of the in- 
dividual’s relations with it, 


Since the relation between the sub- 
ject’s own need and his resumption of an 
interrupted activity seems to have been 
amply demonstrated (though not by 
Adler and Kounin), the first task of 
future investigation in this area would 
seem to be to create situations in which 
the perceived requirements of the task , 
determine resumption. Such investiga- 
tion would be of significance for an un- 
derstanding of the nature of the relation 
between the individual and his psycho- 
logical environment as well as for such 
more specific problems as the present 
one of the factors determining resump- 
tion or the question of cooperative ac- 
tion. 

The methodological implications of 
this study are clear. In the present field 
of investigation quantitative findings in 
the absence of qualitative study of the 
individual’s understanding of his situa- 
tion are likely to be misleading. 
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The present series of investigations 
represents an attempt to identify and 
quantify some of the attributes of verbal 
material relevant to human learning. 
The first paper of this series (10) re- 
Ported an analysis of stimulus meaning 
a Evidence reviewed in McGeoch 
a) Underwood (17), and Woodworth 
ee that the familiarity of a 
ee us or a response item may also be 
bal ae variable operating in ver- 
e Parangi Some psychologists, how- 
and” ; ave questioned whether meaning 
Und amiliarity are distinct concepts. 
[aac (17), for example, suggests 
chara meaningfulness .. . is the same 
Ee age as implied by the term 
Ss ease (p. 411). Others (5, 9, 18) 
Bein icated only that some positive 
as ate may obtain between these 

ariables. 
ae objectives of the present study 
eee analysis of the attribute of 
as oe in verbal stimulus material, 
ine ) an investigation of the func- 
ee relationship between meaning and 
larity. 


AN ANALYsIS OF FAMILIARITY 


sti oretically, the familiarity. of a 
as so; eh response) may be regarded 
CIE function of its frequency of 0C- 
ihe in an organism’s history. Hu- 
Verbal et experience familiarity with a 
rou stimulus in a number of ways: 
auditi h the special senses of vision OF 
ion, by means of speech (spoken or 


1 
a re opinions or conclusions contained in 
Not overt are those of the author. They are 
be construed as reflecting the views or 


endo 
Force ment of the Department of the Air 


implicit), or by writing. By these 
means familiarity may become a learned 
stimulus attribute. The learning process 
is at least descriptively clear. Fre- 
quency of stimulation—including that 
which is response-produced, or proprio- 
ceptive—is a necessary: condition of 
learning. That it is not also a sufficient 
condition is attested to by the research 
reviewed by McGeoch (7). For verbal f 
learning, as in many other types, some 
kind of reinforcement or knowledge of 
results seems jointly necessary. 
Stimulus frequency is a variable to 
which a judge may be motivated and set 
to respond differentially. The empirical 
procedure of eliciting such differential 
responses might be by requiring S to 
point to a list of stimuli singly to in- 
dicate their degrees of familiarity to 
him. Important work related to this 
concept has been done by Thorndike 
(14), Thorndike and Lorge (15), and 
by Haagen (5). In brief, a considera- 
tion of the attribute of familiarity (f) 
reveals that it is a concept definable by 
the operations involved in a psychologi- 


_ cal (or psychometric) scaling method. 
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Assuming Thurstone’s (16) law of 
comparative judgment, and utilizing the 
method of successive intervals developed 
by Safir (12), Mosier (8), and Ed- 
wards (3), one may transform frequen- 
cies of rating into deviates of the normal 
curve to yield a set of scale values hav- 
ing the properties of an equal-interval 
scale. Hence, the familiarity of any 
stimulus, S, is given by . 


50 = 2) r 


pare (PS*), 00 


a 
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where l= lower limit of ințerval con- 
taining Mdn in x/ø units; cp = cumula- 
tive proportion below interval contain- 
ing Mdn; p= proportion within inter- 
val containing Mdn; i= interval width 
on familiarity continuum in x/ø units. 


Procedure 


The same list of 96 dissyllables used 
in establishing the author’s m-scale (10) 
was used to determine quantitative 
values for the attribute of stimulus fa- 
miliarity. It was decided that a graphic 
rating schedule (method of single stim- 
uli) was the most suitable defining task 
for this purpose. More elaborate meth- 
ods, such as that of paired comparisons, 
would have been laborious and time con- 
suming considering the number of stim- 
uli involved. A rank-order method 
would have been inappropriate in view 
of the nature of the attribute investi- 
gated, since the act of ranking might 
have seriously altered the original values 
of the items. In addition, recent ad- 
vances in the theory of measurement 
have provided a rationale and an in- 
ternal consistency check for the present 
method. Finally, it was believed that 
the sample of 200 Ss was adequate to 
insure a high reliability for the ratings. 

The stimulus items were administered 
in mimeographed test booklet form. 
Twelve items appeared on each Page, 
followed by spaces for graphic ratings 


atranged in columnar form. The com- ` 


plete list seque 


ior to adminis- 
tration. The sample totaled 200 airmen, 
selected from four different flights un- 
dergoing routine classification testing at 
the Human Resources Research Center, 
The Ss were group-tested in four units 
of 50 men each, and the testing periods 
were held during August 1951. A test 


session was of approximately 20-min. 
duration. Instructions to the Ss were 
as follows: 


This is a test to find out how often you 
have come in contact with certain words. 

You will be given a list of 96 nouns and 
you are to rate each one as to the number 
of times you have experienced it by simply 
placing a check mark (V) in one of the 
five spaces provided for your rating. 

The five possible ratings are described by 
the words NEVER, RARELY, SOME- 
TIMES, OFTEN, and VERY OFTEN. 
This means that you have seen or heard 
or used the particular word (in writing or 
in speech) either: ` 

1. NEVER (You have never seen or 
heard or used the word in your life.) 
or $ 
2. RARELY (You have seen or heard 
or used the word at least once before, but 
only rarely.) 
or 

3. SOMETIMES (You have sometimes 


seen or heard or used the word, but not 
often.) 


or 
4. OFTEN (You have often seen or 

heard or used the Word, but not very 

often.) . 

or 


5. VERY OFTEN ‘(You have seen or 
heard or used the word nearly every day 
of your life.) 


Do not be bothered if you are unable to 
give a definition of some of the words. 
Simply rate each one as to the number of 
times you have come in contact with it 
Tegardless of its meaning. 

There may be some words which you 
have used or heard more often than you 
have seen them. Or there may be other 
words which you have seen more often 
than you have used or heard them, In 
Such cases, always give the word the high- 
est rating of the three. 

For example, you probably use or hear 
the word FLIGHT CHIEF often, but you 
may never have seen it in print. In this 
case, you would rate FLIGHT CHIEF as 

Often,” as shown on the line below: 


dy 


3 
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FLIGHT CHIEF: 
Never Rarely Some- 


Vv 
times Often Very Often 


The Ss were then given four practice 
tasks, using as stimuli the words 
BREAKFAST, ZITHER, ENGLAND, 
and SYZYGY. 

Instructions regarding motivation and 
set were as follows: 


_ When the examiner gives you the “GO” 
signal you will turn the page and begin rat- 
ing the list of words at your own speed. 
This is not a “speed” test, for each man 
will be given plenty of time to finish. The 
important thing is for you to be as ac- 
curate as possible. 

Be as honest in your ratings as you can. 
Many of the words in this test are very 
rare, so you are not expected to have come 


1.00 


© 
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EMPIRICAL PROBABILITY OF RATING RESPONSE 


2 


f- SCALE: GRADED 


Fic. 1. Relative frequency distrib 


miliarity Schedule for 12 representative stimulus words as functions 


Method of graded dichotomies (W = 200) 


“SOMETIMES” 
ON 


E 
/ 
/ 


> 
in contact, with all of them. Just make the 
best estimates you are capable of. 

Pay no attention to those working near ` 
you, for the words are in mixed order and 
each man will be working on a different 


item. 


Results and Discussion 3 
The graphic method of recording S’s 
responses was simple, objective, and 
rapid. The index of familiarity (f) of 
a particular stimulus was defined in. 
equation [1] as the median of the dis- 
tribution of judgments on the familiarity 
continuum. Therefore, the method of 
successive intervals outlined by Edwards 
(3) was followed to compute the in- 
terval widths of the middle three cate- 
gories. Failures of rating were not 
counted, the ws of the corresponding ar- 
rays being decreased accordingly. Pro- 


VERY OFTEN? 


DICHOTOMIES ( *%-+1.34) 


utions of graphic ratings in the five categories of the Fa- 


of f-value derived from the 


t 
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TABLE I 


List oF DISSYLLABLE Worps (Nouns) IN RANK ORDER oF INCREASING FAMILIARITY (f) 
AS DEFINED BY NORMAL DEVIATE TRANSFORMATIONS OF RATINGS ON 
FıvE-PoINT GRAPHIC RATING SCHEDULE (N = 200) 


Rank Word Word No. | f Value Rank Word Word No. | f Value 
1 | POLEF 63 0.00 49 | TANKARD 76 171 
2 | NOSTAW 55 0.10 50 | NAPHTHA 51 1.73 
3 | GOKEM 25 0.16 51 | TARTAN 78 1.85 
4 |LATUK 41 0.16 52 | ROSTRUM 72 1.93 
5 | VOLVAP 86 0.17 53 | ARGON 1 2.00 
6 | ZUMAP 96 0.19 54 | YEOMAN 91 2.15 
7 |GOJEY 24 0.21 55 | JITNEY 35 247 
8 | BYSSUS 8 0.39 56 | VERTEX 84 2.17 
9 |xyLEM 90 0.40 57 | RAMPART 68 2.21 

10 | SAGROLE 73 0.42 58 | PERCEPT 61 2.30 
11 | TAROP 77 0.62 59 |PALLOR 60 2.33 
12 | QUIPSON 66 0.64 60 | PALLET 59 2.52 
13 KUPOD 40 0.66 61 | SEQUENCE 74 2.54 
14 TSAM 33 0.67 62 | QUARRY 64 2.55 
15 | ULNA 81 0.67 63 | ENTRANT 17 2.60 
16 | NEGLAN 53 0.69 64 | MALLET 47 2.67 
17. | MEARDON 49 0.73 65 | PIGMENT 62 2.67 
18 | BALAP 4 0.74 66 | ZEBRA 93 2.74 
19. | DELPIN 13 0.76 67 | TYPHOON 80 2.81 
20 | GAMIN 22 0.79 68 | KENNEL 38 2:82 
21 | BRUGEN 7 0.85 69 | ORDEAL 57 2.84 
22 | TUMBRIL 79 0.86 70 | QUOTA 67 2.97 
23 | STOMA 75 0.89 71 ‘| ZENITH 
94 2.98 
24 | BODKIN 6 0.90 72 | FATIGUE 18 3.18 
25 ICON 29 0.91 73. | REGION 69 3.40 
48 0.92 74 | KEEPER 37 3.58 
27. | GRAPNEL 26 0.94 75 | VILLAGE 
28 | NARES 52 0.9 = apt 
ares 96 76 | GARMENT 23 3.69 
N 36 0.97 77 | UNIT 70 
30 |LEMUR Ss gs 
43 1.01 78 | JEWEL 34 3.71 
31 | FLOTSAM 21 1.02 79 | YOUNGSTER] ¢ 5 
32 | RENNET 70 1.06 80 | ZER i Fa 
33 | DAVIT 12 113 $ 9 25 385 
3 : 1 | WAGON 87 3.93 
MAELSTROM| 46 1.13 
linen $ Lis 82 | EFFORT 15 3.96 
36 | WIDGEON 89 1.14 s |p 3 oa 
ap ROE F : HUNGER 28 3.98 
1.18 85 | INCOME 30 4.06 
38 | CAPSTAN 9 131 
ay lovin k. 5 86 | JELLY 32 4.11 
4” eRe 5s 1.31 87 | HEAVEN 27 4.19 
41 | ATTAR : 1.32 88 | CAPTAIN 10 4.27 
D | Miners k 1.33 89 | UNCLE 82 4.34 
43 | FEMUR 5 Hee 90 | OFFICE 56 4.44 
44 | LOZENGE E ts 91 | LEADER 42 4.47 
45 | WELKIN S L 92 | KITCHEN 39 4.71 
46 | BODICE e en 93 | QUARTER 65 4,76 
47 | ENDIVE 16 | 139 ee Dineen. ; | ee 
48 | LICHENS i 14 : 
a: 1.67 96 | MONEY 50 5.66 
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portions > 0.98 and < 0.02 were arbi- 
trarily rejected, as is commonly done in 
the method of paired comparisons (4). 

In view of the fact that for 51 of the 
96 items more than 50 per cent of the 
judgments fell in either of the extreme 
categories, thereby constituting indeter- 
minate successive intervals f-values, Att- 
neave’s (1) method of graded dichot- 
omies was adopted to estimate the 
medians. These f-values are shown in 
Table 1, together with their reference 
numbers, ranging in rank order from dis- 
syllables of low familiarity (e.g., rank 
1: POLEF) to those of high familiarity 
(e.g., rank 96: MONEY). In order to 
Orient the scale to an arbitrary origin, 
a constant of 1.34 was added to all 
values. The empirical range in x/o 
units was then from 0.00 to 5.66. 

One advantage of the method of suc- 
cessive intervals (or graded dichotomies) 
lies in the test of internal consistency 
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which it affords. By using the V + 
r—2=%9 parameters one can repro- 
duce the V(r — 1) = 384 independent ` 
empirical proportions with an average 
error of 0.019. 

Further evidence related to the inter- 
nal characteristics of the f-scale i$ ex- 
hibited in Fig. 1. This graph plots the 
relative frequency distributions of the 
judgments in the five categories of the 
Familiarity Schedule for 12 stimulus 
words as functions of f-value. The 12 
items were selected to represent approxi- 
mately equal intervals along the scale. 
The regularity and symmetry of the 
probability functions is apparent. 

Results very similar to these were ob- 
tained with a preliminary sample of 100 
airmen in 1950. The rating schedule 
differed in that a category of DOUBT- 
FUL was used instead of the RARELY 
category, but otherwise the stimuli and 
procedure were identical. The average 
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s of ratings in the five categories of the Familiarity Schedule for 
ative stimulus words (N = 200) 
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error was 0.023, and the probability dis- 
tributions were similar to those in Fig. 
1. This early form of the Familiarity 
Schedule was discarded because it was 
suspected that the DOUBTFUL cate- 
gory introduced a qualitatively different 
judgment into the task. There is now 
little evidence for this view (7 = 0.992). 

It is known that median scale values 
derived from the method of equal-ap- 
pearing intervals are not linearly related 
to those treated. by. paired comparisons 
(6, 12), successive intervals (3, 12), or 
graded dichotomies (1,3). The occur- 
rence of “end-effects” js commonly at- 
tributed to the behavioral inequality of 
the rating intervals, such that skewed 
distributions of judgments arise at the 
extremes of the scale. The source of 
this nonlinearity is exhibited in Fig. 2. 
Here the skewness is seen to decrease 
from both ends toward the midpoint, 


3 
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GRADED DICHOTOMIES (%.+ 1.34) 


Fic. 3. The relationships among median and mea: 
values derived from the Familiarity Schedule (N 


n ordinal ratings and graded dichotomies scale 
= 200) 


where the cumulative distribution as- 
sociated with stimulus No. 59 is quite 
symmetrical. 

Figure 3 shows the consequent end- 
effects when either median ordinal rat- 
ings (f’) or mean ordinal ratings (f”) 
are plotted against the graded dichoto- 
mies f-values. It should be recalled that 
the judges were not instructed to form 
equal-appearing intervals as is often done 
(4), hence the end-effects in this Hg 
vestigation are presumably uncompli- 
cated by any artifact of instructions. 
The average category widths in x/o units 
were: NEVER = 5; RARELY = 0.82; 
SOMETIMES = 0,90; OFTEN = 1.12; 
and VERY OFTEN = 5: Inspection of 


Fig. 3 indicates that, contrary to popu- 
lar opinion (4), mean ratings are at- 
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tended by somewhat less distortion than 
are medians. 
: In order to satisfy the second objec- 
tive of this study, the determination of 
the functional relationship between 
meaning and familiarity, a mecessary 
condition is the possession of equal-in- 
terval scales for both variables. For the 
status of the m-scale, see (10). Since 
the logic of paired comparisons under- 
lies the Present scaling method, and 
since paired comparisons transforma- 
tions are linearly. related to those of suc- 
eae intervals (3, 12) and to graded 
Be ctomies G, 3), then the unit-dis- 
nce condition is satisfied for the f- 
scale. 


THE MEANING-FAMILIARITY 
RELATIONSHIP 


a pen writers have called attention 
aa e relationship between the fre- 
the ci of appearance in writing and 
the ee of synonyms of words in 
mie English language. Zipf (19) and 
sa a ike (14) have shown this cor- 
ee to be a positive one. 
of ee respect to another correlate 
cholo quency—familiarity—certain psy- 
ihe ogists hold that its relation to mean- 
cern: one of identity. Of course, the 
Baie Cation of this hypothesis is contin- 
have ieee variables which traditionally 
F een left undefined. 
eas logical considerations, the au- 
eee to regard any hypothetical 
a fe milarily relationship not as 
én entity, but rather as a determinate 
relation between two different attri- 
ane An outré example will serve to 
eae y the logic underlying this expecta- 
whie Consider an S—-R connection 
aa has been reinforced fifty times; 
and is to say, a stimulus element, Si, 
A an associated response element, Ri, 
Sie, thus occurred sequentially. As- 
is ie etter that the sequence Spo 
Gy aera ie. that only S; and R; have 
been so connected. Clearly then, 


by comparing S; with other stimuli S;, 
Sx, to eacH of which several responses 
have become conditioned, its owner may 
exhibit S; to be relatively high in f-value 
but quite low in m-value. The logical 
possibility of finding such unique S-R 
connections in fact is a prophylactic 
against using m and f as interchangeable 
terms. 

From the analysis of meaning pre- 
sented previously and from the Zipf- 
Thorndike findings, one may infer that 
verbal stimuli acquire m-value as some 
increasing function of their frequencies 
of occurrence (7). Symbolically, this 
relationship may be written 


m= (n). [2] 


If f were next shown to be some in- 
creasing function of 7; i.e., if 


f=¥(n), [3] 


then it validly may be concluded that 
j is therefore some increasing function 
of m: 
f=T(m). [4] 
One may now proceed to test the de- 
duction described in equation [4] by 
determining the empirical relationship 
between the meaning index (m) and 
judged frequency OF familiarity (f). In 
Fig. 4 are plotted the results of a com- 
parison of the f-scale with the m-scale. 
Familiarity (f) is shown as an increas- 
ing curvilinear function of the meaning 
index (m). The equation describing 
this relationship, determined by a least 
squares solution, is 


j= 6.04(1 — 10°") + 0.28. [5] 


The index of correlation p, computed 
from the reduction line, has a value of 
0.92. 

It was noted in (10) that the re- 
sponse-frequency distributions for the 
stimuli on the m-scale were positively 
skewed for low values. In view of this 
fact, medians were computed in Fig. 4. 
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PERFORMANCE SCALE OF STIMULUS MEANING (m): 


176.04 (1-1079-067m) 4 9 og 
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Fic. 4. Scattergram of the relationship between familiarity (f) and meaning (m). Ordinate 


values denote graded dichotomies scale values from r: 
Abscissa values denote Corresponding median fri 
dissyllables within 60 sec. (N =119). The eq! 


method of least squares, 


This measure of central tendency affords 
a more valid estimate of the zero point 
of the m-scale for the present purposes. 
It is clear that fisa negatively ac- 
celerated positive function of m. The 
T-function is neither one of identity nor 
of Proportionality, a fact consistent with 
the Preceding logical analysis, 

The empirical law represented in 
equation [5] does not imply that m de- 


relate of m. 
a third variable with whi 
co-correlated; €-8., n, as suggested above, 


Hence, the hypothesis may be enter- 
tained that verbal stimuli acquire the 
attributes m and f as joint functions of 
frequency of stimulation, 

The stimulus frequency hypotheses 
represented by equations [2] and [3] 


atings on Familiarity Schedule (N = 200). 


‘equencies of continued association to each of 96 
uation and fitted curve were derived from the 


above are not regarded as verified, but 
as only tenable Pending further tests. 
One attempt to falsify them might con- 
sist in experimentally establishing vari- 
oas Mevalues for aset Gf grow: verbal 
stimuli in a group of Ss, then having 
those Ss later rate the same stimuli for 
familiarity. This would provide a check 
on an hypothesis the evidence for which 
is at present only indirect; i.e., this 
analysis is concerned with individual- 
difference as distinguished from experi- 
mental variables. The suggested test 
would involve the “creation” of new 
stimulus attributes rather than assaying 
those already “built into” the Ss as a 
consequence of their prelaboratory ex- 
Periences. The test might also be ex- 
tended to nonverbal S-R situations, 
such as classical conditioned responses 
or perceptual-motor learning tasks. 

In this context, the procedure of en- 
dowing stimuli with the properties of 
meaningfulness (m) or familiarity (f) 


hes 


Bee me 


al 
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a ee one unambiguous defini- 
Sich t Thorndikian “identifiability,” 
Tent mot turn may be related to such cur- 
ture mOHOUS as pre-differentiated struc- 
and Ce distinctiveness,” “cue-value,” 
Fi Ae gamer og Noble (11) has 
Plays or example, that the variable m 
ing. n important role in verbal learn- 
oo be noted that the rationale 
of th ng the graphical representation 
I= a Tat in Fig. 3 in the form 
i is that of the distinction 
etween pen Spence (2) have made 
those whi rict behavioristic terms and 
his is ma are merely bekavioristic. 
tion bet urther related to their distinc- 
also 13 ween S-R and R-R laws (cf. 
one oe ea their symbolism, 
tion R 5 the meaning-familiarity func- 
tionship i T(R,). The empirical rela- 
Purely is expressed in this form for 
amount. methodological reasons. It 
test Sc to considering the regression of 
Words es on criterion scores. In other 
ratings a distinction is made between 
Rien ns performance. It should be 
Undame: ed that the m-scale provides 
cies) Secon measures (average frequen- 
e fe-scal an absolute zero point, while 
ansfor e yields derived measures (x/o 
Origin fg having an arbitrary 
Purposes or any accurate quantitative 
Sesseg oa therefore, the m-scale pos- 
also be am advantages. It should 
taineq sealed that an m-value is ob- 
ation i one simple, independent oper 
distribution or median) upon 4 single 
alue suis of responses, while an 7 
eratio olves many complex, dependent 
tibut; ns upon (preferably) all the dis- 
lons of a set. 


Summary anp CONCLUSIONS 


Ths 
ee Paper has presented a theoret- 
bute perimental analysis of the attri- 

stimulus 


of familiari 5 
Materi amiliarity in verbal 
erial. A word list of 96 dissyllables 


“onsistin 
of nouns and paralogs was 


97 


presented toa sample of 200 U.S.A.F. 
recruits in Order to establish a quantita- 
tive scale for this attribute. The re- 
sults of this analysis were-as-follows: 


1. Familiarity was formally defined as 
a stimulus attribute which is some jn- 
creasing function of the frequency of 
occurrence of a given stimulus. 

2. An index of familiarity (f) was 
operationally defined in terms of a five- 
point graphic rating schedule. 

3. An equal-interval rating scale of f- 
values was developed which exhibited a 
range extending from 0.00 to 5.66. A 
test of internal consistency indicated an 
average error of 0.019 in reproducing 
the original data from the scale values. 

4. Certain characteristics of the f- 
scale relevant to the theory of measure- 
ment were discussed. 

5, The hypothesis was proposed that 
stimuli also acquire the attribute of 
meaning (m) as some monotonic func- 
tion of frequency, and that, therefore, f 
should be positively related to m. 

6. An attempt was made to determine 
the exact functional relationship be- 
tween m and f. The equation was 


j= 6.04(1= 10°) + 0.28. 


7. The significance of these findings 
for research in verbal and in perceptual- 
motor learning was discussed. 
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oy hel basic problems is 
the unifor for the variety, no less than 
time the rmity, of human wants. At one 
Peat instinctivists seemed, to hold the 
eae oter, the advocates of con- 
in their ¢ When both of these doctrines 
stu pe cany forms proved inadequate, 
lem of mon still faced the prob- 
bodily eae the gap between the 
adult’s Ba s of the infant and the 
or hurt ss to succeed or fail, to help 

Equally be loved or hated. 
of the ee with the instincts 
and with the and psychoanalytic schools 
rives, All e conditioning of biological 
autonom port proposed the “functional 
of indepe 5 motives” as “a declaration 
Personality” (1 for the psychology of 
Neglected 4 (1, p. 207). But since he 
newly Jib o write a constitution for the 
di little peo discipline, his principle 
explicit o solve the problem. His most 
Bere a tenient was a paraphrase of 
e ay s original suggestion that in 
Come eine oY activity mechanisms be- 
ier in tf activities and objects that 
W beco e game were means to an end 
195) ee ends in themselves” (1, P- 
Was lef ow this transformation occurs 

not untouched. 
Problen: er writer to grapple with the 
tejectin, Ves Murphy (25). Explicitly 
Cned t & functional autonomy, he broad- 
introduc, base of unlearned drives and 
to ena the concept of canalization 
become ae the process by which they 
Ut to ocused on specific satisfiers. 
nC tito stitute a canalized drive for 
nomous motive is hardly explan- 
Categor Both concepts belong in the 
thing. “nominal theories” (32). 

Same cl formulation that falls in the 
ass is Tolman’s (33) drive-com 


ear] 
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version diagram. When biological drives 
are frustrated, they are converted into 
social drives or techniques (e.g., self-as- 
sertive or collective) by the mechanism 
of learning and the dynamism of fixa- 
tion. A technique is fixated to the ex- 
tent that it persists in situations to 
which it is inappropriate. But to this 
extent it seems to become a drive, or at 
Jeast equivalent to Allport’s autonomous 
If we only knew the conditions 


motive. 
of fixation! With characteristic candor 
Tolman called his diagram “a scheme 


more for the asking of important ques- 
tions than for the presenting of final 
answers” (35, p- 227). 

A search for more precise conditions 
of motive learning calls for a distinction 
between learned drives and learned re- 
If a drive is learned it means 
eutral stimulus will 
n when the primary 
removed. But if a 


wards. 
that an originally n 
instigate activity eve 


drive conditions are 
reward is learned it means simply that 


activity otherwise instigated is directed 
toward an originally neutral stimulus. 
In the first case motivation is at least 
temporarily free of its primary source; 
in the second case it may or may not be. 
Whether reward learning implies some 
degree of drive learning as well is, in 
fact, the chief problem of this paper. 

A second distinction empirically re- 
lated to the first is between appetites 
and aversions, to borrow. Tolman’s 
terms. For our purpose an aversion 
may be defined as a motive started by 
the presence of a certain stimulus and 
ended by its removal. An appetite is a 
motive ended by commerce with a cer- 
tain stimulus, but what starts it we can- 
not say without knowing more about the 
part played by learning. On the whole, 


100 JouN P. 
as we shall see, aversions lend,themselves 
more directly to drive learning, while 
appetites seem more prone to produce 
and be produced by the learning of re- 
wards. This difference is, I believe, too 
often glossed over. Tolman, for ex- 
ample, in his latest discussion of the 
problem, described positive and negative 
cathexes as “attachments of specific 
types of final positive goal-object, or 
of final negative ‘disturbance-object’ to 
basic drives” (34, p. 144). (The basic 
drives are presumably appetites and 
aversions, respectively.) Although Tol- 
man treated them as strictly analogous, 
on closer inspection the parallel breaks 
down. For one thing, response to the 
Positively cathected goal-object comes 
after the drive is in force, while the 
negatively cathected disturbance-object 
comes before the drive and serves to 
arouse it. For another, Positive cathexes 
are reinforced, for Tolman, by need-re- 
duction, but negative ones are reinforced 
by “pain or some other type of noxious 
physiological state” (34, p. 147). Thus 
it is not at all clear that “cathexis learn- 
ing” is a unitary construct either in 
method or result, 

Mowrer (22) recognized this potential 
split without Pursuing its implications, 
In asserting that drives and other vis- 
ceral responses are learned by contiguity 
and skeletal ones by the law of effect, he 
emerged, as he put it, with one principle 
for the making of Problems and another 
for solving them. Since his dichotomy 
grew out of experiments involving fear 
and its reduction, aversions fit readily 
into his scheme. But appetites are left 
in an ambiguous Position. 


sanii Is goal an- 
ticipation problem making or problem 
solving? Drive increasing or drive re- 


ducing? Conditioned or « 
In discussing the Pavlovian experiment 
Mowrer suggested that the salivary CR 
be considered “an indication, perhaps a 
veritable part of the mechanism, of the 
secondary motivation known as ‘appe- 


reinforced”? 
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tite ” (24, p. 257). But even as such it 
may mean merely that the dog is hungry 
and expects food, not that he has ac- 
quired a desire for it whether hungry or 
not. 

Hull expresses similar uncertainty 
with respect to the systematic status of 
incentives. On the one hand he de- 
veloped the functions of the fractional 
antedating goal reaction and its proprio- 
ceptive consequent in purposive behavior 
(13, 14, 15). On the other hand he 
made room for secondary motivation 
through the reinforcement of connec- 
tions between neutral stimuli and rez 
Sponse-produced drive stimuli. In his 
latest publication he writes: “, . , the 
understanding of . . , secondary motiva- 
tion is rather obscured by the fact that 
its relationship to incentive motivation 

- - and to the associated mechanisms 
of anticipatory goal reactions . . . has 
not yet been clarified” (16, p. 24). 

A major attempt to apply a drive- 
learning formula to appetites was made 
by Anderson (2). He Proposed that the 
neural drive mechanism, at first aroused 
by internal conditions, becomes external- 
ized, i.e., activated by external situations 
in which it has been repeatedly satisfied- 
Anderson’s theory is important both be- 
cause of its experimental fertility (3, 4 
5) and because it may even be true. AS 
it stands, however, it illustrates some of 
the difficulties we must face. What has 
the satisfaction of a drive to do with its 
externalization? How is a drive, ex- 
ternalized to a goal object, aroused in its 
absence? How does an externalized 
drive cause persistent behavior in @ 
satiated organism but not consumption 
of the goal object? 

Miller, who leads the experimental at- 
tack on the learning of motives, has re- 
cently summarized research in this area 
(21). His review bears out 
sion of an asymmetrical dı 
Writing on “learnable dri 
wards,” Miller devoted 18 


our impres- 
evelopment. 
ves and re- 
Pages to the 
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e acquiring and eliminating of fears. Of 
ari pages on food hunger, six dealt 
2 me learning of rewards, including 
the € of 21 studies, the other two with 
ee of drive. Of the experi- 
Aide cited in these two pages, only 
| Eini four could be considered at all 
| Cl wa e. If fear and hunger are typi- 
| sane must conclude that aversions 
ing eed of evidence for drive learn- 
ward le at appetites show plenty of re- 
eri. arning, but that evidence for the 
es of appetitive drives is scanty. 
ioe ee for this discrepancy may 
nigue.. a eneey of experimental tech- 
tivation o demonstrate secondary mo- 
Be a the influence of the primary 
this is ust be ruled out. In aversions 
shock ad ; one need only turn off the 
ger b: SA how can the effect of hun- 
way is iminated? The most obvious 
Eea] o feed the animal to the point of 
may n, To reach this point, however, it 
ae ee be enough to reduce the need 
act not to zero, since we must counter- 
any a only a metabolic deficit but also 
ee ed drive to eat. But this 
; ess yy, Temoving a part of the very Proc 
Ust | seek, the remainder of which we 
Song try to Measure by some other re- 
tireu, This argument is not entirely 
Stren a Most experiments on the 
tinct h of food-getting responses as 4 
that the of hunger (12, 17, 27) agree 
Wo e curve shows a break at about 
eee of deprivation, rising steeply 
aboy that point and only gradually 
tion eit. These data suggest that satia- 
that introduces a factor (full stomach?) 
food inhibits activity associated wit 
evi Until other means of control are 
Welle learned appetitive drives may 
Continue to elude us- 
e a cond reason why av ti 
pensier to condition than homed ic 
463 €s was suggested by Miller (21, P- 
ab.) and has to do with their relative 
Tuptness of onset. To be conditioned, 
Tesponse must be evoked in the pres- 


ersions may 
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ence of thê CS. Hull states explicitly 
that for secondary motivation to de- 
velop, neutral stimuli must be “associ- 
ated with the evocation of a primary or 
secondary drive” (italics mine) (16, p. 
25). Escape drives can be aroused oby 
noxious agents applied suddenly in con- 
junction with neutral stimuli; hunger or 
thirst, on the other hand, develops 
slowly. The same reason may explain 
why appetites show readier conditioning 
of consummatory than of drive-produc- 
ing responses. 

These and possibly other hypotheses 
must be explored before the data can be 
finally evaluated. Meanwhile it may 
help to face squarely the issue before us. 
Experiments strongly imply that the 
chief sources of motivation are a few 
bodily needs, a variety of ways of 
satisfying them, and a large number of 
fears. Common experience, on the other 
hand, suggests that the bulk of our ac- 
tivity is directed toward things we want 
rather than away from things we don’t 
want, and that many of the things we 
want have little to do with bodily needs. 
How can these conflicting lines of evi- 
dence be reconciled? 

Several ways are open. An extreme 
behaviorist, for example, will limit his 
materials to experimental observations 
and closely related constructs and will 


` stretch them as far as he can. The the- 


ory he fashions may run something like 
this: The only unlearned drives are bod- 
ily discomforts and the only learned 
drives are fears. The apparent motive 
force of positive desires is illusory; a 
cigarette craving is anxiety, sociability 
is a fear of solitude. Goals are not 
really motives at all, but habits acquired 
by drive reduction, activated by drives 
and capable of providing secondary re- 
inforcement for other habits. The few 
cases in which subgoals have been found 
to reinforce habits in satiated animals 
may be explained by Mowrer’s concept 
of drive-fear (23). A well-fed, warmly 
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clad wage earner seeking a raise is 
driven by hunger-fear or cold-fear. At 
the other extreme a “personalistic” psy- 
chologist may describe the growth of 
human aspirations with little regard for 
laboratory results, on the assumption 
that these are largely irrelevant to per- 
sonality dynamics. 

The theory in the next section is pre- 
sented as an attempt to account for the 
experimental evidence on learning drives 
and rewards and also, it is hoped, as a 
step toward the identification of other 
factors for which experimental evidence 
is not yet available. 


THEORY OF MOTIVE-LEARNING 


In essence I suggest that acquired 
drives fall into two classes, secondary 
and tertiary, depending on how they are 
acquired. Secondary drives result from 
the conditioning of primary drive com- 
ponents to external stimuli. Tertiary 
drives result from the blocking of 
learned responses, especially responses 
by which primary or secondary drives 
have been reduced. Which kind-of drive 
is acquired depends on whether circum- 
stances favor the conditioning of drives 
or the learning of goal responses. There 
is no necessary connection between this 
classification and that of primary drives 
into aversions and appetites. As Miller 
has pointed out, however, the onset of 


aversions is typically sudden; that of 
appetites, gradual. 


to suppose that in 


to tertiary drives. 

The most convincin 
quired motivation is the learning of a 
new response in the absence of primary 
drive. Our theory should therefore en- 
able us to deduce this finding both where 


g evidence of ac- 
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conditions favor drive-learning, as in 
aversions, and where they favor reward 
learning, as in appetites. To be of value 
the theory should also “explain” other 
Pieces of evidence, generate additional 
hypotheses to test, and permit expansion 
to include a wider range of behavioral 
phenomena. With these criteria in mind 
I submit the following definitions and 
postulates. 


Definitions 


D1. Surrogate response (rs). A cen- 
tral neural process by means of which a 
stimulus (S) evokes a response (R)* 
Strength of R, as measured by ampli- 
tude, latency, relative frequency, or ex- 
tinction rate, is a function of intensity 
of rs. Under special conditions (to be 
stated in other definitions and postu- 
lates) rs can function independently of 
its primary S or R. 

D2. Conditioning. A rs, is said to be 
conditioned to rs, when rs, acquires a 
functional connection with rs, Such a 
connection is called adequate in so far as 
rs, is actually followed by rs,; it is 
called potential in so far as arousal of 
7Sa Must await the aid of other S’s or 
rs’s, 

D3. Primary drive Stimulus (Sp). A 
S producing or produced by a homeo- 
Static imbalance 

D4. Drive (rsp). A rs first aroused 
by Sp or by Postulate 4 and able to 
Strengthen the rs’s to a hierarchy of R’s 
as an increasing function of its own in- 
tensity. 

DS. Primary goal stimulus (Se). A 
S producing or produced by a homeo- 
static balance (G) with respect to a par- 
ticular need. 

D6. Goal surrogate (rsa). A rs first 
aroused by Sg or by postulate 4 and 
Varying in intensity as a negative linear 
function of the intensity of rsp. 


1The term Stimulus and response are used 
for convenience to refer to patterns of receptor 
and effector activity of varying complexity. 
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4 D7. Subgoal response (Rj). A R 
cl ey and consistently followed by an 
abrupt increase in intensity of rsg. 


Postulates and Corollaries 


A m n eii If rs, is active when 
a aes rs, becomes conditioned to 
tive T rength of conditioning is a posi- 
cos mction of the number of concur- 
fin ae a negative function of the 
5, — R erval between S,— R, and 
ca afi drive (rsp). Ars ac- 
sity a by an abrupt increase in in- 
ee ye becomes conditioned to it 
a becomes a secondary drive 
Co s (Srsp). 
Ried eet reward. A rs accom- 
Of ree h y an abrupt increase in intensity 
a becomes conditioned to it and its 
— a secondary goal stimulus 
ee j e vntion, The strength with 
of a fe Iis activated by rs,, as a result 
A aes or adequate connection, 
iS arate function of the (a) strength 
rs, (c) = ion, (b) present intensity of 
ing. ntensity of rs, during condition- 
tensy ec itation, An increase in in- 
i of rsa strengthens the 7s of any 
the ioe as a positive function of 
4 paat and rate of increase. 
A Bes erniary drive (rsps)- If TSi has 
arousal Potential connection with 752, 
Varyin of 7s, produces a drive (rspa) 
ion ie in intensity as a positive func- 
Arousal strength of activation of 1So- 
amount of rs, reduces the drive, the 
With th of reduction varying positively 
e intensity of arousal. 
tioneq Summation. If two 7s’ condi- 
active to the same rs, are simultaneously 
tensit. they arouse rs, with a total in- 
y an which is greater than that evoked 
€r one alone. 
Divert a must be said about the two 
tokat concepts, drive and goal sur- 
e. Although given the status of rs 


and thus subsumed under P1, they have 
certain spécial properties. The rsp is a 
central excitatory state, while 7sg is a 
state of diminished excitation negatively 
related to it. Although it may ulti- 
mately prove unnecessary to retain both 
constructs, at present it seems to me to 
simplify the theory. For one thing, it 
avoids the awkward notion of condition- 
ing the reduction or termination of a 
process. A rather specific relationship is 
envisaged here: i.e., to the extent that 
two rsp’s are discriminable the corre- 
sponding 7sq’s are likewise distinct; to 
that extent rsp, and rsg vary independ- 
ently of each other. The rse produced 
by eating, for example, reduces only 

slightly if at all the rsp of sex and is but 

little reduced thereby. Hunger and 

thirst, on the other hand, are so closely 

related that it would not be safe to make 

the same assumption regarding them 

(8, 36). Some drives, too, may have 

proprioceptive components in common 

and, at high intensities, visceral ones as 

well. Such overlapping complicates the 

problem of isolating learned drives. In 

so far as it can be made, the assumption 

of independence is important for us be- 

cause of the following consequence: if a 

=0, the strength of its tsa 

cannot be further increased. 

Despite certain changes the postulates 
have a somewhat parasitic relation to 
Hull’s system and do not pretend to 
be self-sufficient. My chief departures 
from Hull are two: (a) Drive reduction 
is believed to strengthen, not the condi- 
tioning of R’s, but the R’s themselves; 
(b) the concept of surrogate response 
replaces his response-produced stimulus 
and is given a focal position. P1, for 
example, may be recognized as a modi- 
fied version of Hull’s postulates 4 (habit 
formation) and 8 (delay in reinforce- 
ment) (16), restated in terms of 7s’s and 
without reference to reinforcement. P2 
is a partial restatement of his postulate 
9 (constitution of reaction potential). 


given rsp 
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“Strength of conditioning” and “strength 
of connection” are synonymeus and are 
equivalent to Hull’s habit strength, while 
“intensity of rs” is the counterpart of 
his reaction potential. The function of 
drive reduction in the present theory is 
embodied in P3. Note that it affects 
activity in progress, not strength of con- 
nections, another way of saying that 
“reinforcement” is here thought of as a 
Principle of performance rather than of 
learning.? 

P4 attempts to state the basic mecha- 
nism whereby a goal acquires motivat- 
ing power. A similar idea has been 
formulated by Whiting in an unpub- 
lished manuscript cited by Miller (21); 
P4 is, therefore, not original except in 
its present form. Emphasis should be 
placed on the concept of potential as 
distinguished from adequate connection; 
i.e., a habit becomes excitatory when it 
is started but not finished.* As it stands, 
the postulate is exceedingly primitive. 
It needs first of all a statement of the 
conditions that result in Potential con- 
nections. One example is a R that can- 
not be completed without an external S; 
one cannot eat without food or press a 


31) has suggested, 
ralization gradient. 


"Sp and rsa it is tempting to suggest a coun- 
terpart of P33 viz., an increase in intensity of 
Yso weakens the ys i 


k of any R in Progress, 
Since this hypothesis is not needed here, its 


Possibilities will not be developed, 

8 Compare with Allport’s suggestion that it 
Ba habit-in-the-making that becomes au- 
tonomous (1, p. 204 É). 
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arousal of 7s,. A solution might be to 
break down purposive behavior into a 
series of subgoals; as each one is at- 
tained, it reduces its own 7Sp, but adds 
potential leading to a later stage. Such 
Possibilities must be left for future de- 
velopment. 


Deductions 


1. Response selection under learned 
drive. So far the above propositions, 
with the help of a few others, have led 
to the more or less formal deduction of 
nine theorems dealing with one or an- 
other aspect of acquired drives. Only 
those directly concerned with R selec- 
tion under 7Sp2 and rsp, will be repro- 
duced here; others will be merely in- 
dicated along with the supporting evi- 
dence. 

First we need a general derivation of 
the phenomena usually attributed to 
selective learning. Theorem 1 is an at- 
tempt to meet this need. 

T1. Response selection, Given: On 
one or more occasions an organism (O) 
under drive (rsp) in the presence of S 
makes a certain subgoal response (Ry)- 

To prove: On recurrence of rsp and S 
the Probability of R, will be greater. 

Proof: 1. Let R, be any other R not 
R, made in the Presence of rsp and S. 
(For simplicity let R, and R, be equiva- 
lent in other respects; e.g., availability, 
effort, previous conditioning.) 

2. Ro, but not R, is followed by rsa 
(D7). 

3. 75, is conditioned to 7Sq more 
strongly than is rs, (PL:C2):. 

4. S, by way of rs, is conditioned to 
both rs, and 789, as is also rsp (P1). 

5. The next time S and rsp arouse 15g 
they will induce a greater intensity of 


7Sq than when they arouse rs, (Step 3, 
P2). 


6. In turn, rsg 
more than rs, (P3). 
7. The frequency of R, relative to 


will strengthen 15g 


eo 
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R,—ie., its e a : 
ee ‘D1 n probability—w pe i 
ee to Be a 
shown in Aard z= aly a stepa 
A R selection under rsp,. Given: 
more a utral S is accompanied one or 
(2) Si 7 by an abrupt increase. of rsp. 
moved A ater presented alone and re- 
To when O makes a certain R. 
probability o On recurrence of S the 
rni. A of R will be greater. 
lhs a . After one or more conjunc- 
onea a sudden increment of rsp, 
2. coe rsp (C1). i 
increase oe te pe in an abrupt 
4 zeus becomes R, (D7). 
fing T2 Conditions of ‘TL are thus ful 
Probabili R will occur with increased 
ility in the presence of S. 
Q.E.D. 
tand Jacobs (7) provided the 
ter re cat model for this theorem. 
Paireq pa edly giving rats a neutral S 
alone and th shock, they presented S 
jumped a arti it when the animal 
Bressive q arrier. They found a pro- 
a result Da in latency of jumping, 
uced a. at could just as easily be de- 
one, in 3 an increase in probability (the 
eae’ implies the other). 
experime, resembling the Brown-Jacobs 
(20) gq nt was its forerunner, Miller’s 
learnin assical demonstration of fear 
training Tn that study, however, on 
o ote trials a running R regularly led 
Be fom shock. When this Ry 
coul evented by closing the door, it 
for rt hha generated rsp, as the motive 
it was athe door-opening R. Indeed, 
rown eliminate this alternative that 
Since os Jacobs made their changes. 
Value iller’s experiment, for all its 
Or 75” Could be explained by either 75p2 
ig it was crucial to neither. 
hext objective, therefore, is to 


deri 
ive 
a more rigorous test of 7Sps- T1 


provides for the selection of R, under 
drive. But to free rsp, from other 
drive effects we must be able to predict 
that when S is later presented without 
either primary drive (7sp,) Or 7Sp2, it 
will still tend strongly to arouse IRM 
Note that if we assume a minimum? i 
drive interaction, and rsp = 0, rsq can- 
not be increased and therefore cannot 
facilitate rsp. With the help of P2, how- 
ever, the deduction is readily made, as 
shown by theorem 3: 

T3. Response persistence. Given: 
the same conditions as in T1, save that 
R, must occur on more than one occa- 
sion during training.* 

To prove: On recurrence of S in the 
absence of 7Sp, the probability of Ry 
relative to other R’s will be greater. 

Proof: 1. Again let R, be any other 
equivalent R not Ry. 

2. After one trial under 7Sp, due to 
facilitation by rse S is subsequently con- 
ditioned to a greater intensity of rsg than 
of rs, (Steps 2 to 5, T1). 

3. On later recurrence without rsp, S 
will still arouse 7s, more intensely than 
rs, (By the last provision of P2 the 
intensity of rs aroused is a positive func- 
tion of the intensity of rs conditioned.) 

4. S will evoke Rg more readily than 
R (D1). Q.E.D. 

T3 is not without evidence. Teel and 
Webb (32) trained rats to food on one 
side of a T after varying amounts of 
deprivation. Every day after two de- 
prived trials to each side they gave a 
pair of satiated trials. The percentages 
of correct choices under deprivation 
and satiation were practically the same 
throughout training. Seward and Hand- 
lon (28) gave thirsty rats an equal num- 
ber of forced trials to water on one side 


4 The reason for this proviso will become 
clear in step 2 of the proof. Incidentally, since 
a reinforcement learning theory does not make 
this requirement, we have here a possible tech- 
nique for putting the two hypotheses to a 


crucial test. 
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of a choice point and no water on the 
other. When satiated for water, the rats 
still showed a significant shift of prefer- 
ence to the water side. 

Consider another implication of the 
theorem. Let us assume that rsg can 
facilitate only under rsp but that its ef- 
fect persists when rsp is removed. Let 
us further assume that two R’s to S are 
both followed by Srsg, but one (R,) is 
made under rsp and the other (Rz) is 
not. It follows that when S is presented 
without rsp, R, will be preferred to Ry 
Seward, Levy, and Handlon (30) tested 
this implication. They forced rats 
equally often to water on both sides of 
a choice point, but thirsty to one side 
and satiated to the other. Tested under 
satiation the rats shifted their preference 
to the thirsty side. 

We are now ready for an attempt to 
use R selection as a criterion of TSp2. 

T4. R selection under TSp,. Given: 
(1) An O under rsp in the presence of 
S, makes more than once a certain R 
that cannot be completed without S,. 
(2) S, is later presented one or more 
times without rsp, and with S; presented 
only when O makes a certain R,. 

To prove: On recurrence of S, the 
Probability of R, will be greater. 

Proof: 1. O comes to the test trials 


with a relatively strong tendency for TS, 
to activate rs, (T3). 
25 Withholding Sy creates the condi- 
tions for 7sp, (D2, P4). 
3. O makes a number of R’s (D4), 
Let R, be one of these and let Rz be 
any other R not followed by S,. 
3 4, ae following connections are 
ormed: rs, — 7S4, rs, — rs — 
(Di, PI). 9 TS, c, and TSO TS, 
5. On subsequent trials, 
aTOUSeS 75, 75g is evoked wi 
intensity than when 7S, arouses rs, (ES) 
6. But this added intensity reduces 
7Sps, thus increasing rsg (P4, D6). 
7. The conditions of R selection are 


g 


when 7s, 
th greater 


SEWARD 


thus provided, resulting in a greater 
probability of R, than R, (T1). 
QED. 
As already said, evidence for 7Sp2; 
free of rsp., is most likely to be found 
where rsp, is a slow-rhythm appetite. 
But the experimental demonstration of 
acquired drive based on appetites, pos- 
sibly due to the satiation effect already 
mentioned, has proved difficult. In a 
study so far only briefly reported Miller 
(19) trained two groups of rats to run 
from a white to a black box, one to 
escape shock and the other to allay hun- 
ger. He then compared their perform- 
ances without 7sp,. Not only did the 
shocked rats maintain their R, longer 
than the fed ones but they learned 4 
new R, whereas the other group did not. 
Under the usual experimental conditions 
Sp, seems definitely weaker than rsp2 
Miller’s report contained one bit of evi- 
dence for 7Sp;. He trained several 
groups of rats to run through a door to 
food, then tested the R, under satiation. 
One group that had been blocked by the 
door for varying delays during training 
was the slowest to extinguish. The pres- 
ent theory would predict this result on 
the ground that blocking the door would 
generate rsp,, which would be perpetu- 
ated on test trials through the condition- 
ing of a stronger rsz. : 
Evidence from maze studies is more 
favorable. Some years ago Anderson 
(4) found indications that rats traine 
hungry and rewarded in one maze dic 
better in a new maze, even though sati- 
ated, than a control group previously 
trained under less favorable drive-0- 
centive conditions. He interpreted his 
results in terms of drive externalization. 
If his promising data were confirmed, 
should prefer to say that training con- 
ditioned strong potential rss to maz 
S’s and that these 78's provided rsps f0F 
the selection of R’s leading to their com- 
pletion. To predict Anderson’s findings: 
T4 would have to be adapted only tO 
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pecan of providing for stimulus gen- 
age from one maze to another. 
ore recently MacCorquodale and 
ve put food and water in the 
both obi box of a T. Rats satiated for 
Signific: sate nevertheless chose that side 
a antly more than the empty one. 
an unpublished study Myers (26) 
ting med this result impressively. Put- 
side a as a social incentive on each 
rive oh T, but food on only one, he 
ec, paea rats two trials a day, one 
days. th, ane: forced opposite. In 12 
choices ey increased their food-side 
When agai and significantly. 
Other side food was then shifted to the 
ea fee 26 days, they gradually 
Tats tea a eir preference, 21 out of 26 
rect.” ching a criterion of 8/10 “cor- 
the s sin studies do not precisely fit 
Point, w igm of T4 in that Sı, the choice 
centive p not combined with S,, the in- 
under + gagian initial training period 
took pla SDi: . Training” presumably 
Which A In O's feeding history, during 
Smellin i rss involved in seeing and 
tioneq p ood became strongly condi- 
Sa pro Prad thus facilitated by—the 
Suggest ae by eating. The results 
"Sy that i at if S, is conditioned to a 
oduce is already strong enough, it will 
Primar YSp, without further help from 
D y drive or reward. 
ring ane that food and water can 
Of the o out new learning in the absence 
earnin riginal drives, we may ask if SDs 
Or if ate is confined to such “canalizers 
Ot so can be mediated by other objects 
tion intimately related to drive reduc- 
latte, Anderson’s study suggested the 
(29) ee ibnity: Seward and Levy 
Wardeq Sted the hypothesis that rats re- 
another in one compartment but not in 
en would show a preference, even 
hag “tiated, for the compartment that 
They po ously contained the reward. 
W ee trained thirsty rats in a run- 
two different boxes, one contain- 
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ing water and the other none. (In con- 
trast with the two studies just discussed, 
it was here found necessary to associate 
runway Ss with endbox Ss under drive- 
reward conditions in order to get positive 
results.) Later the rats were satiated 
and run in a T with one box on either 
side. Test trials gave clear and con- 
sistent evidence of the effect of training 
on choices, with highly significant dif- 
ferences in favor of the positive box. 
Moreover the presence or absence of 
food and water in the boxes during tests 
was apparently without effect. Its im- 
portance during training, however, was 
further brought out by interpolated run- 
way trials under thirst. When water 
was removed from both boxes on these 
trials, the difference between them in 
satiated test choices dwindled rapidly. 
Apparently a need-reducing R, that has 
become the basis of 7sp; May lose that 
function if, when the original need is 
present, R, no longer satisfies it. 

2. Other evidence. Various signs of 
acquired drive in the experimental litera- 
ture lend themselves to interpretation in 
terms of the present theory, but here 
they can be only briefly mentioned. (a) 
Goal-instigated activity was strikingly 
demonstrated by Geier and Tolman (10, 
11). They devised a method of measur- 
ing frustration-tension, a construct that 
seems identical with tertiary drive. (b) 
Response persistence after rsp, is re- 
moved does not necessarily imply an ac- 
quired drive since it may be due to 
sHp combined with an irrelevant D. 
But Farber (9) showed that R was 
abandoned more quickly when 7sp2 had 
been extinguished than when it had not. 
And Brogden (6) provided parallel evi- 
dence for 7Sp, when he retarded extinc- 
tion of a flexion R in satiated dogs by 
“rewarding” it with a pellet. 


UNSOLVED PROBLEMS 


In the last section a theory of ac- 
quired drives was presented and ex- 


@ 
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amined in the light of experimental evi- 
dence. As anticipated, all the evidence 
for rsp, came from experiments using 
shock, while support for the concept of 
Sp, Was drawn exclusively from experi- 
ments using hunger or thirst. This 
dichotomy arose as a natural result of 
the way the two concepts originated: 
the theory of secondary drive was based 
primarily on situations involving fear; 
that of tertiary drive grew out of studies 
on appetites. The question remains 
whether this is a distorted view or 
whether it represents a true distinction 
between appetites and aversions. How 
much of what we have called rsp, is ac- 
tually “externalized” hunger? How 
much of fear is a desire for safety? 

A way to find out is suggested by the 

experiments of Miller (20) and of 
Brown and Jacobs (7) already cited. 
The first of these studies provided con- 
ditions for acquiring both rsp, and rsp,; 
the second, for 7sp, alone. If two such 
experiments were performed under 
strictly equated conditions the relative 
“weights” of the two sources of drive 
might be determined. And if a similar 
pair of experiments was carried out sub- 
stituting hunger for shock, a direct com- 
Parison could be made in this respect 
between a typical aversion and a typical 
appetite. 
Supposing that appetites and aver- 
ons do differ as Suggested, how are we 
to explain it? Is Miller correct in sup- 
Posing that telative abruptness of onset 
is the distinguishing feature? If so, a 
Tse to 3, induced hunger should give 
i: Də, While a gradually develop- 
Ing aversion should not; on the other 
hand, Such an aversion, if suddenly re- 
lieved, should yield TSD. All we need 
is a way of reversing the usual time 
relations. 

Even if we accept the idea that an 
appetite generates 7Spz’8 we must Still 
face the question: why are they so much 


si 
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more elusive than fears? There are sev- 
eral possibilities to be explored. One 
factor already mentioned is the counter- 
acting of acquired motives by acute sa- 
tiation of the primary need. A method 
is required for isolating goal-instigated 
behavior without stuffing the animal. A 
second hypothesis is that goal and sub- 
goal responses must somehow be made 
stronger before their incipient arousal 
can act as a drive. Perhaps this could 
be done by increasing the amount of 
training, or strength of rsp,, or the num- 
ber of different needs satisfied, or the 
effort required to make R,. Thirdly, 
it is possible that rsp, is a fairly high-level 
cerebral achievement; as such it would 
probably be easier to develop in animals 
with bigger brains than rats. 


SUMMARY 


This paper starts with a dilemma. On 
the one hand human activities seem tO 
be largely instigated by goals that have 
little to do with bodily needs. It has 
been suggested that primary drives are 
conditioned to external objects, which 
come to arouse them independently of 
tissue disturbance. On the other hand 
experiments with animals have show? 
that, although fear is easily learned, the 
appetitive drives are not. At the same 
time goal-associated responses are read- 
ily “cathected” in connection with these 
drives. How can the facts of life and 
the facts of the laboratory be reconciled? 

A theory is proposed, the gist of which 
is that there are two ways by which mo- 
tives can be learned. Secondary drives 
are conditioned directly to neutral stim- 
uli; tertiary, or goal-instigated, drives 
are touched off by the obstruction of & 
learned response. Owing, perhaps, to 4 
difference in characteristic rates of onset, 
aversions give both kinds of drives but 
appetites give mainly the tertiary type- 
To make possible a more precise in- 
tegration of theory and experiment a set 


of 


How Are MOTIVES LEARNED? 


definitions and postulates is offered 


et Aes illustrative theorems are de- 
ived. These are discussed in relation to 
available evidence. 


But the initial dilemma remains to 


challenge the in, ity of future exper 
genuity pi i- 
menters. ‘ ae i 
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Pi, a recent article (5), Maier and 
Rec R aam Maier’s original 
a (4), have attempted to show that 
ost behavior induced in ani- 
an om certain conditions of stress can- 
. n aestoad in terms of learning 
Es a ud must therefore be regarded 
Maier E a nonlearning origin which 
And aa labeled “abnormal fixation” 
a h he believes to be a result of 
by emia often exacerbated 

at this EE (The implication is 
cial kind : avior has as a basis a spe- 
different x organic change qualitatively 
Brestimed on the neural modifications 

ia a subserve learning (18)-) 

two parts n ae present their case in 
certain Sm n the first they argue that 
sults obtai ures of the experimental re- 
= ere by other workers are not 
ety-re fice y covered by Mowrer’s anxi- 

ope Me theory (13, 14); and in 
mental rs oe of the experi- 
ate inex has? in Maier’s laboratories 

eory eee in terms of learning 
frustratio n both cases they hold out 
ternative n ey as the satisfactory al- 
is to how he aim of the present paper 
able to ex that learning theory is quite 
Provided Plain all the experimental facts, 

ete ar that it is remembered that 
earned € reducible drives other than 

anxiety, 


Co 
MME: 
we on Some DATA OBTAINED BY 
TETY-REDUCTION THEORISTS 


aspect 
S of the experiments reported by 


Farber (2), Mowrer (15), and Mowser 
and Viek (16). 

Their quarrel with Farber rests en- 
tirely on the allegation that he does not 
account for the outstandingly great dif- 
ficulty some of his rats had in extin- 
guishing their anxiety-based responses. 
Yet Farber went to considerable pains to 
show that these animals came from 
strains that were more emotional gen- 
erally. This seems a reasonable expla- 
nation, for higher emotionality would 
imply that stronger learnable anxiety 
responses would be evoked by the shock, 
and these would also be more strongly 
reinforced because higher measures of 
anxiety drive would be reduced. The 
effect of this would be that during the 
extinction series extinction would be 
counteracted by the reduction of un- 
usually great learned anxiety drive. 

In Mowrer’s experiment (15) a rat 
was conditioned to run from the left end 
of a 4-foot alley to a safe compartment 
at the right end by consistently elec- 
trifying the floor of the alley 10 seconds 
after the introduction of the animal. 
When the habit of running within the 
10 seconds’ grace was well established, 
the right half of the floor was perma- 
nently charged. It was then soon found 
that the animal placed at the left end 
ran even more promptly to the safe com- 
partment, and this behavior persisted for 
hundreds of trials. 

Maier and Ellen reject Mowrer’s 
“two-factor learning theory” explanation 
of this experiment, rightly, it seems, for 
one of Mowrer’s main arguments in sup- 
port of his theory has recently been 
shown fallacious by Miller (12) on the 
basis of an experiment by Sullivan (17). 
But this does not mean that we must fall 
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R TABLE I 


NUMBER oF RESPONSE INHIBITIONS OBTAINED IN SHOCK-CONTROL GROUP 
AND SHOCK-UNCONTROLLED GROUP 


Successive days 1, 2l/sie4)sle 


8/9 10 11 12 13 14 15 


Shock-control group | 0] 0 | 4 


OZ ict la lt la la |e | ae 


Shock-uncontrolled 
group 


Ol1)4)Si7)ol7/4i717]/elsistls | 7 | ss 


Cited from O. H. Mowrer and P. Viek (16, p. 396). 


back on frustration theory, because, in 
fact, the results of the experiment are 
quite understandable in terms of estab- 
lished principles of learning, as follows. 

During the early part of the experi- 
ment, emotional and running responses 
are reinforced to alley cues by reduction 
of the shock-induced drive when the ani- 
mal reaches the safety compartment. 
Whenever the animal makes a run with- 
out being shocked, this constellation of 
responses is reinforced by anxiety-drive 
reduction. Now, when the right half of 
the alley is permanently charged, the on- 
going responses of the Tunning rat re- 
ceive stronger reinforcement to the cues 
of that part of the alley, because when 


rats, the hungry 
electrifiable floor 
and offered food on a stick for 10 sec- 
onds. Whether the animal ate or not 
shock was applied 10 seconds later, in 


age, 


the case of one group of ten rats, jump- 
ing into the air resulted in the experi- 
menter switching off the shock (shock- 
controllable group). Each animal E 
this group had an experimental “twin’ 
to which the shock was applied for the 
same length of time as it had taken its 
counterpart to jump into the air (shock- 
uncontrollable group). One trial a day 
was given to each animal. The number 
of animals in each group whose eating 
response during the 10 seconds was in- 
hibited was charted each day with re- 
sults shown in Table 1. 

Mowrer and Viek try to explain the 
much smaller development of eating in- 
hibitions in the shock-controllable group 
on the hypothesis that these rats have 
learned a “symbol for leaping” that 
somewhat alleviates their fear both be- 
fore and during the shock. “By thus 
‘thinking’ how the shock can be gotten 
rid of, the rat can presumably lessen the 
attendant fear of shock” (16, p. 198). 

It is evident that something must be 
happening to check the development of 
fear responses to the stimulus situation 
that precedes the shock, but there iS 
good reason for denying that the rele- 
vant occurrence is the evocation by this 
stimulus situation of a “thought” of the 
drive-reducing jumping response. The 
objection is that although states of drive 
can, through learning, become evocable 

y new cues, there is no evidence that 
this ever happens to drive reductions. 
Thinking how lunch may be obtained in 
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no wise appeases one’s hunger. Cues 
along the learned pathway to the reduc- 
a of a drive do not reduce that drive. 
See me writer’s criticism (21) of Hull’s 
100) ) fractional goal responses” (3, p. 
rere learning theory can explain 
ee, e reinforcement of the jumping 
a Eoee in the shock-controllable group 
E a brought about a diminishing 
F G anxiety in these animals. When 
en is subjected to continuous 
a ock for the first time in a given 
Shar n, autonomic responses (anxiety) 
ie aana musculo-skeletal responses 
Sa oe A similar variety of mus- 
the a etal responses will accompany 
FSi of = responses at every repeti- 
aa e electric shock unless there is 
ee etal response that is re- 
shock a followed by cessation of the 
Bestel f there is a response thus re- 
aa m reinforced, it will, of course, be- 
Stier increasingly dominant over all the 
This he ied response tendencies. 
latter plies a gradual weakening of the 
ion Napanee by conditioned inhibi- 
is at on reciprocal inhibition (20). 
Dies A unreasonable to suppose that 
Ilene ening of “competing” response 
respons ies extends also to the autonomic 
shock. es. Thus, in Mowrer and Viek’s 
rein a nllable group, the repeatedly 
wa zt jumping response might have 
ced to inhibit reciprocally the 
“low Y responses to-some extent, thus 
even 4 Aarne their habit strength 
tice ha reduction of the shock-in- 
b tive state would tend to reinforce 
sponses e jumping and the anxiety Te 
any os from both experimental 
that f ) and clinical (22) observations 
in aay response to be weakened on 
simulans of reciprocal inhibition the 
the = baa competing response must 
Plies th, ominant of the two. This im- 
hat the latter must be more “mas- 


Sive,» i 
€., subserved by a greater meas- 
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ure of central neural excitation (18). 
The jumping response reinforced by 
Mowrer and Viek was obviously rather 
massive; and it is conjectured that if 
they had chosen to reinforce, say, head 
turning to the left instead of jumping, 
the shock-controllable group would have 
developed much more anxiety than it did. 
Tending to support this conjecture is the 
fact that in the typical Cornell technique 
for producing experimental neuroses 
(eg., 1) a very localized musculo-skele- 
tal conditioned response comes to be in- 
creasingly dominated by autonomic anxi- 
ety responses (by a process discussed 
elsewhere (19)). 


COMMENTS ON “ABNORMAL FIXATION” 
EXPERIMENTS 


In Maiers laboratories rats were 
trained to jump to differential cards in 
a Lashley jumping apparatus. Jump- 
ing to the unlatched “correct” card was 
rewarded with food, and to the un- 
latched “incorrect” card punished by a 
bump on the nose and a fall on to the 
net below. If, after the animal had 
learned a jumping habit, the cards be- 
gan to be latched in random fashion, the 
animal would soon refuse to jump. It 
would then be forced to do so, usually 
by blowing a blast of air on to it. The 
jumping so compelled followed a pattern 
that would persist unchanged for hun- 
dreds of trials. Maier (4) called this 
“abnormal behavior fixation.” 

Maier and Ellen explore whether or 
not a learning-theory hypothesis will ex- 
plain this phenomenon. They suppose 
that the air blast could result in anxiety 
becoming conditioned to the experi- 
mental situation. Then, jumping in a 
given way becomes persistent because, 
despite other changes in the situation, it 
continues to reduce the conditioned anxi- 
ety. Viewed in this way, “... an ab- 
normal fixation would be considered as 
a learned adjustive mechanism.” Maier 
and Ellen state that “on the surface” 
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this hypothesis seems satisfactory, and 
then proceed to Point out a number of 
experimental facts that it fails to ex- 
plain. 

There is little doubt that the experi- 
mental facts they give do invalidate the 
above learning-theory hypothesis. But, 
as will be seen below, the same facts are 
quite in keeping with the differently 
formulated hypothesis that follows. 

Each time a jump is forced by the air 
blast, it is reinforced by reduction of the 
air-blast-induced drive. This is a pri- 
mary drive, and its reduction is clearly 
overwhelmingly responsible for the re- 
for the platform situation 
conditioned to a sufficient 
level of secondary drive to be able to 
impel jumping in the absence of the air 
When jumpin 
way has thus b 


response tendency become. 

Armed with this interpretation we are 
in a position to deal with all of Maier 
and Ellen’s objections, and we shall do 
so in the order followed by them. 

- If, for a fixated animal, one card 

i always leads to food and the 
other (negative) to nose bumping, the 
strength of air blast needed to cause 
es to be less when 
n the fixated side 


y Overlook 
jumping is 
the air blast and not the card. The air 
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uli in the situation can only be expe 
to modify quantitatively the condition 
jumping response. . 
‘ 2: Maier vad Klee (8) found ia 
a jumping response to one side has F. 
come fixated, and an attempt is me 
to alter this behavior by latching a 
card on that side so that the rat is ra 
ished by bumping its nose, fewer ee, 
occur if the animal is punished at ib 
jump than if it is punished on ole 
Per cent of trials, receiving food me d 
on the platform beyond the miler i 
card on the other 50 per cent. M this 
and Ellen correctly point out that of 
result cannot be explained in terms ae 
the anxiety drive associated with in 
punishment. But it can be explained t 
terms of the drive due to the air AE e 
As mentioned above, repeated ppn g 
ment increases the strength of air bla A 
required to produce a jump towards) 
given card, while repeated food a st 
decreases it (7), and the mean air-b th 
requirement rises rather gradually a 
50 per cent punishment. With 100 P h 
cent punishment it would rise es 
more steeply. Increased air blast mee 
increased drive with consequent greate a 
drive reduction. Thus, with 100 pr 
cent Punishment the habitual responi : 
is more rapidly strengthened, and t de 
chances of a jump to the other si a 
rapidily decrease. That is why if, Ke 
animal placed on 100 per cent punis” 
ment does not make the alternative Te 
Sponse relatively soon, it does not make 
it at all. On the other hand, once the 
alternative Tesponse occurs, the ensuing 
air-blast-drive reduction and hunger 
drive reduction immediately increase the 
Probability of its occurrence on the next 
trial. 

3. The bimodal distribution (7) is 
explained by the considerations of the 
Previous paragraph. Only while the 
habit strength of the alternative response 
is strong enough for oscillation (2, 304- 
321) to permit it to occur occasionally, 


j 
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1S it possible for the fixation to be 
broken, A qualitative difference of 
mechanism is not implied by the bimodal 
distribution. In some animals the alter- 
native response simply does not chance 
to occur while it may. 
gA The persistence of the fixated re- 
the men food is displayed in 
he €r window (4) is not surprising. 
Gan ot automatically makes its 
amend reinforced response to the 
in ae air-blast stimulus because it is 
= may that neural organization has 
ri modifed by the learning process. 
pa -stimuli do not deflect the fixated 
felativer it is because they command a 
cated trivial habit strength in this 
ion. 
oco tial-and-error behavior does not 
ished en a fixated response is pun- 
ches ecause, in general, trial-and-error 
Well-] lor does not occur when there is a 
a aT response to the stimulus 
6 a (in this case, air blast). 
Bresk: he effectiveness of guidance in 
Ei ng a fixation seems to be entirely 
native 2e fact that it makes the alter- 
of the ‘eae possible, taking the place 
ency, no-longer-effective learned tend- 
othe, ations are more rigid than most 
ollowe aes because every evocation 1S 
drive. by reduction of a primary 
Mats, the difficulties referred to by 
Beer and Ellen are all explicable by 
ming theory. Two findings from 
aan ’s laboratories give incidental sup- 
(a) to a learning-theory hypothesis. 
st With repeated punishment the 
rength of fixations increases between 
ae 8th and 16th days of experimenta- 
ton (6) ina way that might be expected 
i (b) With guidance, the post- 
-On responses of animals are abandoned 
ih Much the same way whether they 
ave had frustration training Or reward 
taining (9). 
Of course, if the learning-theory €X 


planation is correct, there is nothing 
abnormal about the Maier fixations. 
But crucial experiments are needed to 
clear up the issue finally. One that is 
suggested is to give rats the usual pre- 
liminary training and then force them 
by air blast to jump to cards that are 


-always unlatched and never followed by 


food. Learning theory would predict 
that this would produce fixations, while 
frustration theory would presumably not 


expect this. 

Meanwhile, in another communication 
(19), the writer has felt justified in the 
view that Maier’s fixation experiments 
do not yield examples of experimental 


neurosis. 
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TOLMAN’S INTERPRETATION OF VICARIOUS 
TRIAL AND ERROR’ 
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er and Reichlin (5) have recently 
fin PF reit basic objections to Tolman’s 
(VTE) a of vicarious trial and error 
that his ehavior. They contend: (a) 
ig ee schema is unrelated to 
BE ont al ha theory and is rele- 
theory i eal VTE; (b) that Tolman’s 
facts; (c) = does not conform to the 
earning a at VTE is not an aid to 
is to SpA a aim of the present article 
are fal that the first two contentions 
i se and that Tolman is therefore 


Justified i . 
— in asserting that VTE aids 


Re 
LATION TO OTHER CONCEPTS 


1N 
n sowbug schema (9, 11) em- 
readiness Palen Concept; “progression- 
Ward and which propels the bug for- 
readiness » backward, and “orientation- 
© Point à which induces the bug merely 
3 at stimulus objects. 
Bression lor and Reichlin remark, “pro- 
ae eadiness” is a complex concept. 
tion, ey ge referring to associa- 
e aig and need. We first de- 
as hesis (or instrumental belief) 
ul Tee-termed association: “Tf stim- 
13) ang is apprehended (or registered, 
then sti if response of type R, is made, 
An p Mulus S, will be apprehended.” 
if ¢ YPothesis becomes an expectancy 
‘IS in fact apprehended: “S, is ap- 


Prehe: 
hypoth S therefore if R, then S,.? An 
its co. SIS is more strongly aroused into 


Co: 
r aink ponding expectancy, the more 
ap Y the organism identifies a pres- 
Prehended stimulus as Sı Fur- 


Th 
and t Etta is indebted to Dr. J. S. Bruner 


ine to 
DE of t r. E. C. Tolman for a critical read- 
2 SSRC manuscript. 

Research Training Fellow. 


thermore, the more frequently, recently, 
and vividly the organism has appre- 
hended stimulus S,, the more certainly 
will he identify it as S,. Expectancy is 
the cognitive immanent determinant of 
behavior (7). 

To come to the purposive immanent 
determinant of behavior, we first define 
cathexis as a two-termed association be- 
tween need and goal object EEDE 
“Tf need N (or drive D) is apprehended 
then the organism will ‘persist through 
trial-and-error’ and exhibit docility in 
thus persisting, to get to or from a goal. 
object of type G.” A cathexis becomes 
a demand or motive, the purposive com- 
ponent of behavior, when NV is in fact 
apprehended. The stronger an appre- 
hended need (the sowbug’s progression- 


tension) the greater the demand. The 


reader will note the correspondence be- 


tween hypothesis 
tween expectancy 4) 
Behavior results 


and cathexis, and be- 
nd demand. 

from the interplay of 
expectancy and demand; if stimulus S, 
of the expectancy is, Or is associated 
with, goal G of the demand, then re- 
sponse R, of the expectancy will occur 
and the rat will no longer remain buried 
in thought. A given progression-readi- 
ness is composed of hypothesis and de- 
mand. Sample hypotheses are left card 
—jump—food and (after learning) 
white card—jump—food and black card 
—jump—shock. Tolman assumes that 
total behavior is determined by the alge- 
braic difference between the progression- 
readiness for the stimulus it is now fac- 
ing, and all other progression-readi- 
nesses, so that the progression vector 
(resultant progression-readiness) to 
jump to the rewarded white card is 
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greater if jump to the black card has 
been punished. Any factor reducing 
the resultant forward progression vector 
tends to permit more VTE. 
“Orientation-readiness” is less easily 
reducible to concepts Tolman has used 
in other contexts, principally because he 
has never systematically treated the 
“need” for new stimuli, curiosity, and 
exploration for its own sake. It would 
appear, however, that the properties of 
orientation-readiness are those of the 
need for novel stimulation, as the latter 
have been described in various accounts 
by Lashley, Maier, Hebb, Tolman him- 
self, and others. The present discussion 
is confined to vision. The properties 
common to the two concepts are these: 
(a) Selectivity. The organism responds 
principally along one stimulus dimension 
(or to a particular stimulus aspect) at 
any given time. The dimension prin- 
cipally responded to depends on the 
stimulus and on innate and acquired 
characteristics of the organism, and may 
change during a sequence of stimulus 
Presentations. (b) Best View. The 
organism will adjust its position and 
orientation with respect to a stimulus 
object in such a way that “satiation” or 
“need reduction” occurs most rapidly. 
This almost always means bringing the 
object to the center of the visual field 
by facing it. The organism may also 
approach or, more rarely, retreat from 
the object. (c) Discriminability, If 
one of two stimulus objects remains 
Constant, an increase in (say, positive) 
physical difference between it and a sec- 
ond object is accompanied by a non- 
decrease, generally an increase, in dis- 
criminability on the Corresponding psy- 
chological (behavioral) dimension (s); 
in other words, two objects are easy tp 
discriminate if they are Physically quite 
different. The more discriminably dif- 
ferent another stimulus in the field from 
the stimulus at present attended to or 
“centered,” the more readily will the 
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organism shift its attention to, seek out, 
or (if the organism is a sowbug) point 
at the other stimulus. (d) Need Reduc- 
tion. Attending to, or centering, a new 
stimulus reduces almost instantly the ex- 
ploratory need for the aspect of the 
stimulus attended to. The more fre- 
quently and recently a particular aspect 
of a stimulus has been apprehended, the 
less in amount and the faster in time 15 
the “need reduction” it produces, be- 
cause the need is already at a reduced 
level. 

Tolman has made two special assump- 
tions for the sowbug, both related tO 
Best View property (b). (b’) The 
nearer a peripheral stimulus to the cen- 
ter of the sowbug’s perceptual field, the 
greater the tendency to point at the 
object and center it. This assumption !§ 
confirmed by the fact that VTE fre- 
quency is higher for smaller spatial 
angles between stimulus objects (10)- 
(6”) In short-jump situations the aP- 
proach tendency due to stimulus nee 
is negligible. This assumption may 1%” 
deed be ad hoc, but it is not implausible 
and so far as the author is aware, it 8 
not contrary to fact or inconsistent wit 
the body of Tolman’s system. 

In the presence of two stimulus 0b- 
jects to which it is responding discrim! 
nably, the sowbug will, as a result Y 
properties (b) Best View, (c) Discrim” 
nability, and (d) Need Reduction, si 
ply oscillate, facing one stimulus ee 
the other, until the progression vere 
Moves it forward in the direction it } 
facing. t 

On the whole, we may conclude et 
the schematic sowbug lies close to t á 
center of Tolman’s theory. Indeed, ba 
havior-adjustment,” the process under 
lying VTE, was an early construct R 
Tolman’s (6), and was designated as on 
of the three classes of behavior determi- 
nants, along with capacity and the i™ 
manent determinants (cognition 4° 
purpose) (7). Contrary to Taylor 4” 
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Seilin, therefore, the sowbug’s char- 
hae: are not only consistent with 
Bei of s system but form an integral 
iis f it. The sowbug is merely a 
EM parti a focusing Tolman’s theory on 
Taylo icular area of behavior, or as 
cn . Reichlin remark (5, p. 389), 
fiet a R device. It follows 
Eo eriving the facts of VTE be- 

r we may employ concepts and 


Princip] 
Tritings, from any part of Tolman’s 


Dr 
ERIVATION OF VTE BEHAVIOR 


oe and Reichlin’s second major 
Mit oe. is that Tolman’s theory does 
avior od for certain facts of VTE be- 
for two f ey concede that it accounts 
Or rats ni that VTE is more frequent 
(fact 2 “cee an easy discrimination 
More fre their list), and that VTE is 
difficult on for humans making a 
is ed ra (fact 3). Fact 2 
Property r largely by Discriminability, 
tendenc ke); which predicts a greater 
Nably A 0 oscillate with more discrimi- 
at the ete stimuli, and the fact that 
Sanism “hap stage of the task the or- 
e js « me no strong hypotheses (i.¢-, 
and then, ee up his instructions,” 12) 
p ore has weak progression- 
Small difi Fact 3 is explained by the 
readines erence between progression- 
the sm ses related to the two stimuli; 
Ness all resultant progression-readi- 
VT aig more oscillation, more 
Small fo oth progression-readinesses are 
OW de t humans in part because of 
There mand due to weak need-tension. 
Sver is a more important element, how- 
Reichl mentioned by Taylor and 
A count , which must be introduced to 
tats p fOr the same fact observed in 
This element is certainty of 


pr À 
Sting sion, of “making sure of which 
Objegi’S 8 Which” (12). Tf the stimulus 


only thas, hard to discriminate, not 
Weak aed the subject’s hypotheses be 
ut these hypotheses will be less 


strongly aroused into their correspond- 
ing expectancies upon apprehension of 
the stimuli. 

Fact 1 on Taylor and Reichlin’s list 
refers to the low frequency of VTE 
movements per trial in the early trials, 
an increase in frequency which reaches 
a maximum when the subject has almost 
stopped making incorrect choices, and a 
subsequent decrease in VTE frequency. 
Taylor and Reichlin state (5, p. 391): 
«|. Tolman’s theory leads to the de- 
duction that the number of VTE move- 
ments is a decreasing function of the 
number of trials,” in contradiction to the 
maximum of fact 1. Their deduction is 
correct, however, only if the “first” trial 
is taken to be the trial on which the sub- 
ject begins to respond fully along the 
correct stimulus dimension. 

The main object of Tolman’s second 
sowbug article (11, esp. P- 379) is to 
show how active selectivity of percep- 
“discontinuity” in learning, fits 


tion, i.e., 
As long as the sub- 


into VTE behavior. 
ject holds an irrelevant hypothesis, say 
“eft card—jump—food,” he will not 
VTE in response to the brightness di- 
mension. As he begins to “learn his in- 
structions,” tO develop the general hy- 
pothesis that brightness matters, he will 
begin to VTE. When he has learned 
“what to do” and while his specific hy- 
potheses pertaining to the individual 
cards are still weak, VTE frequency 
reaches a maximum. Then, as Taylor 
and Reichlin correctly state, VTE fre- 
quency decreases because of increase 
in the strength of specific hypotheses. 
VTE depends not on number of trials 
as such, but on the interplay of variables 
at different stages in learning. Tol- 
man’s schema clearly accounts for the 
maximum of fact 1, and Taylor and 
Reichlin’s criticism must be rejected. 
Fact 4 refers to greater frequency of 
VTE if the gap to be jumped is narrow 
(814 inches) rather than wide (234% 
inches). Tolman explains this fact (8) 
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by assuming that the Tat, cannot dis- 
criminate as well over the greater gap 
distance, that stimulus differences be- 
come less prominent, and therefore the 
rat VTEs less, Taylor and Reichlin ac- 
cept the derivation but object to the 
ad hoc assumption. But fact 4 may it- 
self be ad hoc, in the sense that it really 
depends on the rat’s “myopia.” If this 
Property of the rat is not parsimonious, 
So much the worse for parsimony. The 
question is, is Tolman’s assumption true 
or not? 

Taylor and Reichlin state (5, p. 391): 
“Hebb (2) 
distant visual stimuli are 


n the same Paper 
Tesistance to jump- 


l higher frequency of 
In Jump, as ©PPosed to 


f 
€ aS Opposed 
to “ambivalent” means-objects- here, 


jumping stand as Opposed to cards. But 
since resistance to jumping is presum- 
ably greater for wider gaps, the rats 
would tend to hold back and VTE More, 
contrary to fact 4. The differentia} re- 
sistance for the two gaps must therefore 
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be small with respect to the different 
effect of gap width on discrimina 
and to other motivational factors. 
Taylor and Reichlin’s fact 5 shock: 
there is higher VTE frequency for shock. 
right or shock-wrong than for a aise 
In criticizing Tolman here they Fi an 
interpret his premise and then m emise) 
incorrect derivation. Since ar ring) 
Tegarding the role of VTE in ae be- 
merits separate consideration ound 
low), I shall simply show how sho 
does account for fact 5. P 
forces the subject to pay closer a tween 
and to emphasize the difference be ts in 
the two cards (7). This peat ock 
Part for the more rapid learning tia 
situations; the rat “learns his i make 
tions” sooner, Second, it tends to For 
the subject more cautious (8) alent 
shock-right, the subject is am orefore 
toward the reward card and the while | 
holds back from both cards, menaa 
VTEing. For shock-wrong, the wrong 
tance to be shocked for making a k an 
choice will hold the subject bac tifie 
E until one of the stimuli is cae o 
with a fairly high degree of corer three 
until response occurs for one 0 ai) 
other reasons specified by Tolman tation 
Further support of this interpre wi 
comes from the fact (3) that afte to 
subject has learned the discus 
and jumps only to the reward car (be- 
no longer VTEs for shock-wrong cor- 
cause he can now identify the cards ck- 
rectly) but continues to VTE for ane 
tight (because he is still being punn 
for jumping - correctly). Thus hoc 
faster learning and greater VTE ins 
situations are accounted for. ich- 
We conclude that Taylor and Rel ol- 
lin’s objections have been refuted; T 
man’s theory accounts systematicā 
for the major facts of VTE behavior- 


that 


Rorre or VTE IN LEARNING 


Taylor and Reichlin challenge Tol- 
man’s proposal that VTE aids learning: 
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ee his position as follows (5, 
`“. ++ when the animal is facing in the 
ee pectin; the stimulus reminds 
noe p speak, of the previous satis- 
ee a of responding to 
oa at has the effect of increasing 
£ evant progression-readiness. Sim- 


ilar] age 
eee in the wrong direction di- 
ness,” s the other progression-readi- 


Noy 
on a ie 
Selecting and in icates an ‘active 
2), which comparing of stimuli” 
of the sale isade to better identification 
etter lea: evant stimuli and therefore to 
aa pte (stronger hypotheses) and 
Pectanci rformance (more accurate ex- 
gey: Animals who learn quickly 
normal me than do slow learners, and 
aged rats ob TE more than brain-dam- 
to faster of 5). Both facts may be due 
sion of > satiation” from the apprehen- 
normal ous object in smarter and 
Preliming S. Except for one (apparently 
an (8) ty) experiment cited by Tol- 
Teported ¢ more VTE has always been 
ing and may with quicker learn- 
tions, ewer errors for easy discrimina- 
meen cat we define the real issue be- 
lin? olman, and Taylor and Reich- 
fined į et trial-and-error behavior be de- 
resultin, brief as complete overt action 
egre, ng from expectancies having & low 
error of certainty. Vicarious trial and 
et ust occur, by definition, when the 
Com in of overt trial and error 1s ac- 
cas ished by other means. The func- 
EA trial and error is central r 
stitu thening of hypotheses) ; the pa 
Part] e, or vicarious, means may e 
Y central and partly overt, or com- 
ay central, if there is such a thing 
thinking without motor accompani- 
a Tolman uses the term VTE to 
er to oscillating fro™ 


Without forward motion. In this sense 


VTE could only occur in a discrimina- 
tion situation. 

Taylor and Reichlin, on the other 
hand, wish to refer only to “. . . incom- 
plete or preparatory responses of the 
same type as the hesitations and false 
starts that may be seen when animals 
are learning to respond to a situation 
which does not call for a choice between 
alternatives” (5, p. 392). They in- 
terpret head movements to be not signs 
of vicarious trial and error in Tolman’s 
sense, but signs of incipient * trial and 


error.* 
The issue is whether VTE is pre- 


dominately vicarious trial and error in 
Tolman’s sense, Or incipient trial and 
error in Taylor and Reichlin’s sense. 
Let us note that Tolman’s system does 
not exclude incipient trial and error as 
a mode of behavior. It is therefore 
maintained that Taylor and Reichlin’s 
appeal to data gathered in a nondis- 
crimination situation, however material 
it may be in other connections, has little 
bearing on the present issue of VTE in 
discrimination situations. Since Tol- 
man has accounted systematically for 
VTE results, it is incumbent upon 
Taylor and Reichlin to account for them 


more satisfactorily. 
CONCLUSION 


It has been shown that Tolman’s 
sowbug schema forms an integral part 
of his theory of behavior; that the the- 
ory accounts for the facts of VTE, in- 
cluding others than those cited by 
Taylor and Reichlin; and consequently. 
that VTE may be interpreted as an aid 
to learning. 

8A term su i 
a iggested by Dennis and Russell 

4If Taylor and Reichli i 
Beate trial a sree ec E Da 

aps we can best avoid th i i y 
thinking of the letters “VTE? se standing my 
Speed trial and error,” if we ave i 

ink of them as standing for words at all ‘ 
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SPENCE ON THE PROBLEM OF PATTERNING 


M. E. BITTERMAN 


University of Texas 


+, aaa issue of this JourNAL (8) 
Mer y Spence has provided a long- 
BE disc extension of his fruitful theory 
e riminative learning (7) to the 
ein ae stimulus patterning. After 
mith een concerned for many years 
Tra tive F implications of a purely sum- 
his -; ETRA he has now turned 
beyond “age to data which clearly fall 
Forca le scope of the earlier theory. 
Provided TA for the new statement was 
tive diffi 7 an experiment on the rela- 
cessive culty of simultaneous and suc- 
in the Talia of discrimination (11), 
to ah ysis of which Spence was led 
cessive a the question of how the suc- 
Which re ution is achieved. A problem 
eft at pires the animal to turn to the 
when bot E choice point of a T maze 
tight wh alleys are dark and to turn 
A Ning both alleys are bright should, 
Possible of a summative theory, be im- 
erential of solution since there is no dif- 
ae reinforcement in any afferent 
ni ion. 
but factors formulation does not discard, 
ative ead builds upon, the earlier sum- 
iee principle, and the result is 4 
aa evel theory of perceptual develop: 
(simu I. In the “standard situation 
ultaneous) “the excitatory strength 


the positive cue . . . becomes steadily 
s 


Steater than that of the negative cu® 
Si p. 89) as a consequence of differen- 
e reinforcement. II. The solution of 
Be cessive problem, in which each 
ae component js equally often Te- 
EE is dealt with in terms of the 
otk of compounding; in the T maze 
eft ribed above the compounds dark- 
aes bright-right “acquire excitatory 
fie, ncies to the response of approach- 

8” (8, p. 90) while the compounds 


ti 


dark-right and bright-left do not. Such 
problems are more difficult to learn, and 
compounds will develop only “when no 
one of the cue members is systematically 
reinforced more than the others” (8, p. 
90). II. A still higher level of percep- 
tual organization—transversé patterning 
—appears in problems which “require 
that the animal on each trial respond or 
not respond (by approaching) to a par- 
ticular figure depending on what the 
other figure [is]. --- According to the 
theoretical view proposed here, response 
on the basis of such cue-cue relations 

_ would take place in nonarticulate 
organisms, but only under conditions 
that would not permit learning on the 
basis of a single reinforced component 
or some simpler type of cue-position pat- 
tern (e.g., the type of patterning in- 
volved in the successive problem)” (8, 
p. 92). Spence thus proposes a hier- 
archical conception of perceptual de- 
velopment; each level appears in the 
context of a specifically defined problem, 
and higher-level organizations develop 
only when the conditions for the de- 
velopment of lower-level organizations 


are not met. 
While this extension of the earlier the- 


ory, which brings it into closer corre- 
spondence with the realities of percep- 
tual organization, may be welcomed as a 
step in the right direction, considerable 
evidence is available to suggest that it 
has not been carried far enough. The 
principal weakness of the new formula- 
tion is to be found in the restricted role 
which is assigned to what Spence has 
called “transverse patterning.” In the 
most general sense this term refers to 
the effect of variation in the grouping or 
configuration of stimuli in a multiple- 
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choice discriminative Problem (e.g., the 
in a two-window 


mulation requires is not sup- 
plementation but a more thoroughgoing 
Tevision. 

Transverse effects in “simultaneous” 
problems. In a recent experiment Sal- 
danha and Bitterman (6) trained rats 


in the jumping apparatus to discriminate 
concurrently 


—two black-and 


Still a third experiment on the effect 
of pairing was conducted by Elam and 
Bitterman (2). ats were trained in 
a jumping apparatus to discrimi 
tween black-and-white striped 
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to discriminate between horizon a E 
vertical stripes irrespective of thic P 
For one group the two thin stripes hile 
the two thick stripes were paired, Ta 
for a second group the cards were per 
in such a way that a difference in die 
ness was present along with the te 
ence in orientation (i.e., thick" 
with thin-horizontal and thin ae 
With thick-horizontal). The rela ne 
Presentation of irrelevant compon 
retarded discrimination. ents 
In a second series of experimen rbe: 
Teas and Bitterman (9) and by ToL 
ville, Calvin, and Bitterman (10 A 
ther evidence of a grouping eiea a 
Level I problems was obtained. what 
studies were designed to investigate robe 
may be called the éwo-situational PaA 
lem. Suppose that animals learn wa 
currently a discrimination between in 
vertically striped cards differing rds 
thickness and between two gray a 
differing in brightness. The sr 
grays are presented as pairs and 
lateral arrangement of each Pe ee 
varied systematically. The pro to 
thus presents four card arrangements g 
the animals—the two lateral arang A 
ments of each pair. In the correspo ris 
ing two-situational problem each pa! ee 
Presented in only one lateral arene 
ment—e.g., light gray on the left ne 
dark gray on the right, thick aD 
the left and thin stripes on the righ he 
with the positive card of one pair on t 
left and the positive card of the Baa, 
Pair on the right. In both prope 
therefore, one of the grays is consisten 1 
reinforced while the other is consistently 
Punished, and each spatial componen, 
is randomly reinforced and punished- 
According to both the earlier and the 
later versions of Spence’s theory the two 
Problems should be functionally equiva- 
lent. The results show, however, that 
the two-situational Problem js signifi- 
cantly easier than the four-situational 
problem and that there is little transfer 
from the first problem to the second. 


is 
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These results demonstrate that, even in 
the context of a problem which provides 
differential reinforcement of afferent 
components, different levels of percep- 
tual organization may emerge depending 
on the grouping of the stimuli. 

A third series of investigations by 
MacCaslin, Wodinsky, and Bitterman 
5) on the process of stimulus general- 
zation bear on the problem of transverse 
peeing. In one of these experiments 
BoP of animals was trained to dis- 
ae between horizontally and ver- 
ane y striped cards (vertical positive) 
ae second group was trained to dis- 
24 between the vertically striped 
cae (positive) and a black card. The 
inf Ps were equated for number of re- 

orcements on the positive card and 
nthe trained to discriminate it from an- 

i t vertically striped card (negative) 

ering in thickness. The performance 
of ae first group was superior to that 
Contes Second, demonstrating that the 
aie in which reinforcement is given 
Tatu mines to an important extent the 
EEG of perceptual development. An 
aes in terms of components leads to 
aed the opposite prediction on the 
oad Of the inhibition which should be 
etic from the horizontally striped 
ale of the first problem. Similar re- 
of S were obtained in other experiments 
this series, 
ey rSverse effects in successive prob- 
Ee An experiment by Wodinsky and 
ptterman (12) demonstrates ZIPPE 

ects in a problem which is possible 0. 
Solution on the basis of cue-position 
Compounds alone. Animals were trained 
™ a three-window jumping apparatus oF 

Problem involving black, white, we 
Vertically striped cards. One group a 
reinforced for jumping to one window 

ir jump red, to a 
€n three black cards eet ie cards 
Second window when three w hen 

appeared, and to the third window whe 
N d (e.8- BBB, 

Tee striped cards appeare”, d 
ositive cards are 
, SSS, where the P 
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italicized). For the second group the 
card-positiôn relations were identical ex- 
cept that the cards were grouped differ- 
ently (e.g, BSW, SWB, WBS). As 
each animal in each group reached cri- 
terion on its problem, it was shifted to 
the problem of the other group. Ac- 
cording to Spence’s latest formulation, 
the two problems, which involve iden- 
tical compounds, should be functionally 
equivalent; arrangement should make no 
difference because the problems can be 
solved on the basis of compounding 
alone. The results, however, show a 
clear transverse effect. The first prob- 
lem proved to be more difficult than the 
second and transfer from each problem 
to the other was quite incomplete ( initial 
responses were about 60% correct as 
compared with a chance level of 33%). 

Theoretical and experimental constric- 
tion. Although these experiments clearly 
demonstrate the operation of transverse 
effects in first- and second-level prob- 
lems, it may be anticipated that Spence 
will not consider them relevant to his 
theoretical position. For one thing, the 
experiments were performed with the 
jumping apparatus which involves the 
use of punishment for errors, a condition 
which Spence has “specifically avoided” 
(8, p. 89)- Furthermore, in some of the 
experiments the correction method of 
training was utilized, although Spence 
has concentrated upon results obtained 
with the noncorrection method. Finally, 
there is reason to expect that Spence 
may regard the experimental designs as 
too complex. In discounting the results 
of Weise and Bitterman he remarks, for 
example, that “it is difficult to interpret 
the very complex type of discrimination 
set-up they employed. The simple dis- 
crimination situation is sufficiently dif- 
ficult to deal with theoretically without 
adding all of the problems that arise as 
the result of the serial nature of the 
multiple-discrimination set-up along 
with the fact that it involves a gradient 
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of reinforcement” (8, p. 91).t Similar 
reasons might be advanced för discount- 
ing the experiments here described. 

Now it is easy enough to protect a 
restricted theory by the design of re- 
stricted experiments, and it is easy to 
emphasize the limitations of such a the- 
ory by the design of broader experi- 
ments. The fundamental problem con- 
cerns the relative value of the two ap- 
proaches. As Leeper (4) has noted, it 
is possible to take the position that re- 
search under restricted conditions will 
at least reveal the fundamental processes 
at work under those conditions, although 
the principles thus derived may have to 
be supplemented when the scope of re- 
search is broadened. Leeper himself be- 
lieves that the Principles derived from 
research under restricted conditions are 
likely to be superficial. “Such research,” 
he maintains, “is not conducive to the 
discovery, in any deep and significant 
sense, of the fundamental Processes at 
work even within a limited area” (4, p. 
489). It might be well if this position 
were given serious consideration. 

At other points in Spence’s presenta- 
tion restrictions seem to be brushed 
aside and his Principles seem to acquire 
4 more general flavor. This tendency is 
especially evident when he denies that 
“the type of Patterning that the Gestalt- 
ers and Gulliksen and Wolfle are talking 
about” may be evidenced in Problems 
which can be mastered on the basis of 
differentially reinforced components or 
compounds (8, p. 92), Tt may be main- 
tained on the basis of the evidence here 

+ The experiment 
Spence provide the onl 


in the literature, Spence should 
“surprised” by the failure 
man to consider Lawrence's data. 
made no directly comparable studi 
two kinds of problem, Results identical with 
those of Weise and Bitterman (obtained with 
a modified jumping apparatus) will soon be 
published (M. E. Bitterman and Jerome Wo- 
dinsky, Simultaneous and Successive discrim- 
ination, Psychol. Rev., in press). 


Lawrence 
es of the 
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reviewed that such effects do occur un- 
der certain experimental conditions. 
While the “complexity” variable is dif- 
ficult to evaluate, the influence of the 
correction methods and punishment for 
errors should be studied in subsequent 
experiments. It may be anticipated that 
the results of such experiments will dem- 
onstrate the need for a more funda- 
mental modification of Spence’s theory 
than has yet been proposed. 
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II. A THEORETICAL STATEMENT 
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What is the effect of frustration on the 
quality of performance? There appears 
to be a dual tradition in the writings of 
Psychologists and others who have given 
attention to this problem. 
le there isa tradition that frustra- 
= eads to improved quality of per- 
= ied Dewey’s often cited account 
y why thinking occurs stresses the role 
he problem or difficulty as the occasion 
aad intellectual activity (8)- 
Be culty in such a situation often is an 
es pe of frustration. In more gen- 
ee accounts of the psychology of ad- 
ar menh unreduced tension is shown as 
ie rise to various forms of adjust- 
telle A of which some may be of high in- 
Socket ual quality (25). On the level of 
a4 y as a whole there are notions such 
nt ks i (26)—that the protracted 
a ence i of a challenge, often in the 
ae of difficulty in meeting the needs of 
fa € subsistence, is the condition for the 
A nt constructive activity that produces 

new civilization. 

Second, there is also a tradition 
rustration leads to'lowered qualit 


that 
y of 


on in a broad sense 


1 
We are using frustrati € 
fa person’s direct 


hea to prevention 0 pers 
jud ess toward a goal, not wishing to pre- 
dis, by definition the importance of various 
ri nctions that can be made among the va- 
cty of events that fit this definition. We 
end agree with Brown and Farber’s em- 
Phasis on the need to distinguish sharply be- 


reen this definition of frustration and its 
finition as referring to a state of the or- 
feel it more use- 


anism (5, p, 480). But we 
ti to apply the term to the event of preven- 
s of a person’s progress toward his goal 

an to a state which may in some cases be 


i 
nferred from the event. 


WATERHOUSE : 
of Melbourne 


performance. This is perhaps the more 
apparent part of the thesis of psycho- 
analysis and psychology of adjustment, 
since, on the whole, adjustments of poor 
quality to frustration have received the 
greater attention from therapists. This 
tradition is also evident in much of the 
discussion about the disorganizing ef- 
fects of emotion (as reviewed, e.g., by 
Leeper [15]), inasmuch as emotion is 
often produced by frustration. Barker, 
Dembo, and Lewin’s study of frustration 
and regression (2) is often cited in sim- 
ple confirmation of this tradition, to the 
neglect of the rest of its content. Most 
recently this tradition is represented in 
Maier’s systematization of the effects of 
frustration (20), as most of the effects 
he deals with would doubtless be con- 
sidered to be of poor intellectual quality. 

There is, then, an apparent conflict of 
belief in this matter. Indeed, the con- 
flict appears strikingly in some general 
textbooks in psychology. In a chapter 
on thinking and reasoning frustration is 
d as the condition for more organ- 
n a chapter on emo- 
he condition for less 


viewe 
ized behavior, and i 
tion it is viewed as t 
organized behavior. The failure to use 
a common term such as frustration in 
the two chapters apparently permits the 
contradiction to g0 unnoticed. 

Is this apparent contradiction due 
merely to failure to appreciate the role 
of severity of frustration, minor frustra- 
tions leading in fact to an improvement 
in quality of performance and major 
frustrations to the opposite, as might be 
inferred from the settings in which these 
contrary effects are often discussed? 
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Presumably not in any vory uniform 
way, else why would anyone swear when 
he stubbed his toe, and how could any 
prisoner ever carry through successfully 
an ingenious plan for escape? 

The greatest advance toward resolv- 
ing 'this contradiction has been made by 
Barker (1) and by Barker, Dembo, and 
Lewin (2). By drawing upon their con- 
tributions, upon other aspects of psy- 
chological theory, and upon evidence ob- 
tained in a variety of pertinent studies, 
we hope to advance still further towards 
an understanding of the factors which 
influence the direction of change in 
quality of performance that results from 
frustration. 

We have found it convenient to deal 
with three problems which it is useful to 
separate for purposes of analysis: 


I. Effects of frustration in one ac- 
tivity upon the quality of performance 
in a second activity. 

II. Effects of frustration in one ac- 
tivity upon the quality of performance 
in that activity. 

III. Effects of frustration upon the 
quality of a person’s behavior as a whole. 


The three sections of this paper will be 
devoted to these three problems in turn. 
For the sake of brevity only one of these 
problems—the second one—has been 
selected for detailed treatment. 


I. EFFECTS of FRUSTRATION IN ONE 
ACTIVITY upon THE QUALITY 
OF PERFORMANCE IN A 
SEconD Activity 


The well-known exp 


Dembo, and Lewin is Presented by those 
authors as dealing with a generalized ef- 
fect of frustration upon the construc- 
tiveness of a person’s behavior as a 
whole (2, p. 46). Actually, a critical 
analysis of the procedures and results 
indicates that it can only be said with 


eriment of Barker, 
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certainty to deal with the effects of frus- 
tration in one activity upon the quality of 
performance in a second activity. The ac- 
tivity frustrated was children’s play with 
a highly attractive set of toys; the sec- 
ond activity, in which quality of per- 
formance was measured, was play with a 
much less attractive set of toys: The 
theoretical discussion by Barker, Dembo, 
and Lewin, like their data, is most di- 
rectly relevant to the problem of this 
section. 

In discussing this problem Barker (1) 
and, less sharply, Barker, Dembo, and 
Lewin (2) make a definite contribution 
to an understanding of the factors which 
determine whether frustration will lead 
to a better or poorer quality of perform- 
ance. The suggestion they make about 
frustration in relation to poorer quality 
of performance we would rephrase as 
follows: frustration of one activity will 
produce lowered quality of performance 
in a second activity to the extent that it 
leads to the making of responses which 
interfere with the responses of the sec- 
ond activity. Barker, Dembo, and 
Lewin minimize the role of this sort of 
hypothesis in explaining their results. 
We have shown in a previous paper (6), 
however, that their results actually sup- 
port this hypothesis very strongly; and 
we feel that this is the most important 
empirical contribution of their study. 

The opposite effect, improved quality 
of performance, is ascribed by Barker, 
Dembo, and Lewin to what we would 
call an increase, resulting from frustra- 
tion of one activity, in the strength of 
drives which support the second activity- 
Barker (1) suggests three conditions 
under which such drives are likely to be 
Strengthened in a way which results in 
increased quality of performance. We 
would rephrase them as follows: 


_ 1. When the second activity can be and 
1s motivated in part by the original, unre- 
duced drive which had been motivating the 
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ers activity, so that the second ac- 
S functions as a substitute for the first. 
k ae frustration-produced drive leads 
ee empi to escape from reminders of 
SA aan auno, and preoccupation 
et A activity is the mode of 
3. When the person was previously es- 
edial unmotivated with respect to the 
le activity, for it is then supposed that 
aes o performance may be favorably 
$ ha by increased drive more than it 
unfavorably influenced by interference. 


ee all seem to be significant sugges- 
= s, and in each case allied fields of re- 
hie could provide evidence that in- 
as supports their plausibility. 
ade ave not, however, been tested sys- 
for atically in research on quality of per- 
b EA though they are drawn upon 
X r arker, Dembo, and Lewin in inter- 
Pie the behavior of individual sub- 
ee who in their experiment showed 
| Leaner of a decrease in con- 
179-186). s after frustration (2, PP- 
oo contrast between the effects of 
dtive erence and of increase in relevant 
ta resulting from frustration, seems 
it E of fundamental importance, though 
Mee many questions unanswered. 
ane same contrast will be made in con- 
eA with the second problem, to be 
ee ered in the following section of 
ie Pies Other points to be made in 
wi th, lowing section can also be applied, 
enh Ree to the present prob- 
ae ut we shall discuss them explicitly 
nly with reference to the second prob- 
em. There remains to be made here, 
eae a special point about the in- 
€rference effect of frustration upon 4 
Second activity, a point which is distinc- 
tive for the problem of this section and 
eee for putting into proper perspec- 
ve the role of frustration here. 
The point is this: Frustration of the 
first activity may, in comparison with 


active pursuit of the first activity, 
actually increase the quality of the sec- 
ond activity by reducing the amount 
of interference with it. This is par- 
ticularly likely to be true if the two 
activities are essentially alternatives of 
which the first activity is the preferred 
or dominant one. For if in this case the 
preferred activity is being pursued with- 
out frustration, all the overt responses 
which make it up are present to interfere 
with possible pursuit of the second ac- 
tivity. If, on the other hand, the pre- 
ferred activity is thoroughly frustrated, 
there may remain, as possible sources of 
interference with the second activity, 
only implicit tendencies to return to the 
preferred activity. Interference arising 
solely from implicit tendencies, from 
thoughts, seems likely on the whole to 
be much less severe than interference 
arising from successful overt pursuit of 
a dominant activity. We suggest that 
one aspect of the Barker, Dembo, and 
Lewin experiment can probably be 
viewed in this light, though, the design 
of their experiment does not permit our 
suggestion to be tested. We can only 
illustrate our meaning by suggesting a 
variation of conditions which was not 
actually used in their experiment. 

The constructiveness of children’s 
play with relatively unattractive toys 
was initially measured in a free-play pe- 
riod, with no other toys in sight. Later, 
the constructiveness of their play with 
these same toys was measured during a 
frustration period, in which the children 
had just been interrupted in play with 
more attractive toys and these more at- 
tractive toys remained in sight behind 
a wire barrier? The constructiveness of 


2 For the purposes of the general point under , 
discussion it should be noted that the play 
with the attractive toys is here regarded as 
the first activity, and the play with the un- 
attractive toys is regarded as the second ac- 


tivity. 
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play with the unattractive „toys was 
lower during the frustration period than 
it had been during the free-play period; 
but still, it was an activity of consider- 
able constructiveness, or quality. Our 
contention is that the constructiveness 
of play with the attractive toys would 
not have been as high as it was, had it 
not been for the frustration arising from 
inability to play with the attractive toys. 
For, suppose that instead of being frus- 
trated, the children had been allowed to 
continue play with the more attractive 
toys, the unattractive toys being put off 
by themselves in another part of the 
room. What, in this case, would have 
been the quality of performance in the 
second activity, i.e., interaction with the 
unattractive toys? We would predict 
that it would fall into a very much 
lower level still—that it would be largely 
confined to glances and sporadic begin- 
nings of play, rapidly interrupted by re- 
turn to the more attractive toys, 

Frustration of a preferred activity, 
then, may produce for a second activity 
a degree of interference which is in- 
termediate—intermediate between the 
greater interference which would have 
occurred in the absence of the frustra- 
tion and the lesser interference which 
would have occurred in the total absence 
of the preferred activity. 


t is none the less true that frustration 
of one activity ma 


3 This prediction, as a 
Dembo, and Lewin experi 


h, for many 
wish to gen- 
Nature of the 


both cases there was, as it happened, no 
question of a more preferred and a less 
preferred activity; the instructions of 
the experimenter simply required the 
subject to work at two activities suc- 
cessively, and it was possible to observe 
the effect of frustration in one activity 
upon the quality of performance in the 
other activity. Sears (24) found that 
frustrating subjects in their attempts to 
do well at a card-sorting task led to a 
lowered quality of performance in a 
learning task. Zeller (27) found that 
frustrating subjects in their attempts to 
do well at the Knox Cube Test also led 
to a lowered quality of performance in 
a learning task. In both instances it ap- 
Pears that frustration in one activity 
led to internal responses (worry, for ex- 
ample) which interfered with maximally 
effective prosecution of a second ac- 
tivity. 

It is probable that for Barker, Dembo, 
and Lewin’s subjects as well, there was 
interference genuinely arising from the 
frustration. This is suggested by the 
fact that the overt responses of their 
subjects included attempts to escape 
from the situation, a response which 
doubtless contributed to the total inter- 
ference and appears to be a response 
specifically to the frustration. But the 
total interference was Probably much 
less than it would have been without the 
frustration. 

In sum, then: Where quality of per- 
formance is lower than might be ex- 
pected, and this lowering appears to be 
connected with the course of other ac- 
tivities, frustration of other activities is 
one possible source of interference; but 
Successful pursuit of other activities may 
e a more important one. The college 
student who is frustrated in his attempts 
to arrange a date for the evening may 
not learn his German vocabulary that 
evening as well as he could; but it’s a 


good bet that he'll learn it better than 
if he had had a date. 
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Ta EFFECTS OF FRUSTRATION IN ONE 
CTIVITY UPON THE QUALITY OF 
PERFORMANCE IN THAT ACTIVITY 


heres with the effects of frustra- 
in one activity upon the quality of 
ongoing performance in that activity it- 
self, we shall organize our discussion 
under five main headings. These repre- 
sent five kinds of process or event which 
EA influence the effect that frustration 
De na Tp quality of performance. 
r a ysis has been difficult, because 
T everal processes or events are 
oad interconnected and in many an 
We a would all be operating at once. 
Eo elieve, however, that this sort of 

alysis is useful for reaching an under- 


standi e 
T of the effects we are dealing 


A. Extincti i ias 
Extinction of the initial response to 
the situation 


let a person is frustrated in some 
faa the situation to which he is re- 
i a is thereby somewhat changed. 
evan xtent to which it is changed, how- 
may ie and in some instances it 
mons e useful, in predicting his re- 
which h to consider the situation to 
Satie e is responding as essentially the 
Wher as it was before the frustration. 
Hulls this is a useful approach to make, 
hich concept of the habit-family hier- 
ners (12), expressed in a somewhat 
ae general form, suggests the impor- 
of ih, for our problem of the extinction 
e initial response to the situation. 

ing Person may be conceived of as hav- 
hee in any specific situation, tendencies 
whi make various response sequences 
ich may all potentially lead to the 
goal towards which he is oriented. 
ese various response sequences may 
“a thought of as a hierarchy, the vari- 
gaa members of which differ in habit 
ee (that is, in the strength of the 
sec sency for them to be evoked). The 
quence for which the habit strength is 


initially strprigest will be the one first 
evoked. If the resulting activity is 
frustrated, its habit strength is dimin- 
ished by the process termed extinction. 
With persisting frustration, its habit 
strength may be reduced below that of 
the other members of the hierarchy. At 
this point the other response sequences 
in the hierarchy will begin to be evoked. 
The effect of frustration upon the qual- 
ity of performance in this case, then, will 
depend upon the relative quality of the 
initial response sequence which is ex- 
tinguished. and of the other response 
sequences which are then evoked in- 
stead. 

On the whole, it seems likely that the 
initial response sequence will be the 
sequence of highest quality in the hier- 
archy. The reason for this expectation 
is that the response sequence of highest 
quality is likely to have been the most 
strongly and consistently rewarded in 
similar situations in the past, and thus 
to have become the response sequence 
of greatest habit strength and the one 
first to be evoked.* 

Several experiments on frustration ap- 
pear to illustrate this effect of extinc- 
tion of initial response upon quality of 
performance, though in each case it is 
quite likely that other processes to be 
considered later were also influential. 
Three experiments can serve as particu- 
larly apt examples. In each case the 
subject was required to engage in some 
more or less intellectual task. In an 
experiment by Sears (24), and in one by 
McClelland and Apicella (16), the task 
involved card sorting; in an experiment 
by Postman and Bruner (22), the task 
consisted of attempting to perceive and 
report words as their exposure time was 
gradually increased from a subliminal 
value. In a subject faced with any of 
these tasks, there is evoked a general 
mode of responding which is likely to be 


4 We are indebted to Dr. Gregory A. Kimble 
for suggesting this point to us. 
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about the most adaptive of which he is 
capable. But in each of these experi- 
ments, as the subject responded and con- 
tinued to respond in this adaptive man- 
ner, the experimenter withheld the nor- 
mal reward of knowledge of satisfactory 
performance, and instead told the sub- 
ject he was failing miserably, doing 
worse than anyone else, etc. The low- 
ered quality of performance which then 
appeared in each of these experiments 
may well have been due primarily to the 
extinction, resulting from nonreward, of 
the subject’s adaptive response tenden- 
cies, together with the fact that for this 
situation the subject did not have any 
alternative response tendencies which 
would at all rival the initially dominant 
one in the quality of performance to 
which they would lead. 

The effect of extinction of the initially 
dominant response tendency is not, of 
course, necessarily a lowering of quality 
of performarice. The order of response 
sequences in the hierarchy for the given 
situation may be determined by general- 
ized effects of learning which took place 
in a previous situation (or situations) 
which was appreciably different from the 
Present one. In particular, the previous 
and present situations may differ in the 
quality of performance which would be 
Judged to characterize Particular re- 
Sponse sequences if evoked in those situ- 
ations. Thus the Present situation may 
first evoke a response sequence which 
was of high quality in former situations 
but of low quality in this situation; ex- 
tinction of the tendency to respond with 
this sequence may in that case lead to 
the evocation of a response sequence 
lower in the hierarchy but of higher 
quality in this situation, 


B. Situational changes 


In the Preceding section we consid- 
ered certain implications that follow 
when the frustrated person may be con- 
sidered to be still responding to essen- 


tially the same situation. In this sec- 
tion we turn to certain implications 
which follow when the character of the 
frustrating circumstances is such that 
the person must be considered to be 
now responding to a situation very dif- 
ferent from that which preceded the 
frustration. We shall not deal here with 
the fact of frustration itself as a new 
element in the situation to which the 
person is distinctively responding; this 
matter we shall discuss in Section D. 
We shall deal here simply with specific 
changes in the situation which are in- 
herent in the specific manner by which 
the frustration is brought about. 

The point we are concerned with here 
is this: One effect of frustration is to 
alter the person’s situation in such a way 
that behavioral possibilities are changed, 
and this alteration has implications for 
the possible quality of the person’s per- 
formance. 

On the one hand, frustration may al- 
ter the situation in such a way as to 
render impossible any responses of high 
quality directed at the original goal. 
There is an approach to this condition 
in the Barker, Dembo, and Lewin ex- 
periment (2). The highly constructive 
behavior of complex play with the desir- 
able toys was rendered impossible by 
making those toys completely unavail- 
able to the child. If the constructive- 
ness of behavior in relation to the goal 
of playing with those inaccessible toys 
was characteristically reduced by frus- 
tration (no systematic evidence was in 
fact collected on this point), was it not 
largely because this highly constructive 
behavior was made impossible and no 
other equally constructive behavior in 
relation to that goal was possible for 
most of the children? Parallel examples 
from nonlaboratory situations come 
readily to mind. For the man whose 
beloved marries someone else, the for- 
merly most constructive behavior of 
Striving by appropriate means to gain 
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her affection is now impossible if he ac- 
cepts the morality of this society. In- 
deed, the situation is now so changed 
that there may be no possibility at all 
of constructive behavior directed at his 
original goal; if he is still so strongly 
iven toward this goal as to make some 

ind of response in that direction, it 
must of necessity be of poor intellectual 
ay, as, for example, wish-fulfilling 
antasies, or various nonconstructive s0- 
cial acts. 

a the other hand, frustration may 
alter the situation in such a way as to 
pe Posible the achievement of the 
ity aw acts of higher intellectual qual- 
= an were previously possible or ap- 
oo The man who is digging a 
a his spade, in order to plant a 
Rie a no more constructive behavior 
Het a him than the simple routine of 
as peu though this is the most efficient 
Picco E behavior under the circum- 
ciate » it is not of very high intellectual 
DAR But if the handle of the spade 
AT and he is thus frustrated, more 
of ii a and more constructive behavior, 
a er intellectual quality, now be- 
a an possible and indeed essential as 
bE T to the original goal. The skill 
ite ce with a spade must now be 
erated with the skill of shaping 4 
vate or with the social skills in- 
nee in borrowing or buying another 
of eke a much more complex sequence 

behavior leading to the original goal. 

a sort of effect may be seen in the 
ioe er, Dembo, and Lewin study if one 
chil = Solely at the means by which the 
og achieved, or might have achieved, 

ntact with the desirable toys. When 
Sid were freely available to him, he 
ply approached and touched them. 
ia barrier was interposed, the only 

Spee that might possibly have led 
ple to these toys was a much more comi- 
eh, sequence of influencing the experi- 

nter, though, as it happened, it had 


been predetermined that even this 
should not be successful. 


C. Quality of the responses available for 
performance 


In sections A and B we have shown 
that the elimination of one response, as 
a result of frustration, may influence the 
quality of performance. In section A, 
we considered the elimination of one re- 
sponse through extinction. In section B, 
we considered the elimination of one re- 
sponse because of the removal of some 
kind of environmental facility or sup- 
port which is essential for its perform- 
ance. Just how this elimination of one 
response will affect the quality of per- 
formance depends, of course, both upon 
the quality of the eliminated response 
and upon the quality of the other re- 
sponses which then come tobemade. We 
must now consider explicitly, therefore, 
the question of what variables influence 
the quality of the responses available in 
the person’s repertoire and likely to be 
made if frustration eliminates the initial 
response. í 

In the case we have dealt with in sec- 
tion A, where the person may be con- 
sidered as responding to essentially the 
same situation before and after frustra- 
tion, we have already suggested that 
Hull’s concept of the habit-family hier- 
archy provides a useful theoretical 
schema for dealing with this problem. 
The quality of the new behavior result- 
ing from frustration would be predicted 
from the quality, as responses in this 
situation, of the responses next to the 
initially dominant one in the hierarchy. 
Actual application of this schema, of 
course, requires measurements both of 
quality and of habit strength of response 
sequences. Such measurements are cer- 
tainly possible for complex human be- 
havior, and have been made in connec- 
tion with other problems. With refer- 
ence to studies already done which are 
directly relevant to this problem, how- 
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ever, the schema can only ‘be applied by 
using gross judgments of great differ- 
ences in quality and habit strength be- 
tween the initial response sequence and 
other response sequences, as in our in- 
terpretation of the experiments we cited 
in’Section A. 

In the case we have dealt with in Sec- 
tion B, where the situation to which the 
Person is responding must be considered 
as radically changed, the same theoreti- 
cal schema of Hull’s may be considered 
as sometimes applicable. Here the 
quality of performance after frustration 
would be predicted from knowledge of 
the quality represented by the response 
Sequence highest in the habit-family 
hierarchy for this new situation. We 
know of no research studies, on just this 
point, to which this mode of analysis 
is readily applicable. It is obviously ap- 
Plicable, however, to incidents of every- 
day life. Imagine a person driving his 
car to work who is frustrated by a flat 
tire, which radically changes his im- 
Mediate situation. The quality of his 
response, e.g., swearing and sulking vs. 
changing the tire or calling a repair man, 
seems likely to be influenced by what 
Particular response tendencies to this 
changed situation have become dominant 
as a result of his Previous experience in 
similar situations, This sort of analysis 


should also be useful in leading to sys- 
tematic research.5 


Regardless of how the elimination of 


the initial Tesponse is brought about, 
however, the Concept of the habit-family 


hierarchy is not by itself adequate to 
deal with all cases. For in Many cases 


the initial response Sequence is replaced, 


5 The only close arallel į i 
search that we oe. i ayaa aate re. 
(7), which is concerned with the 
section I of this paper. H 
in an enjoyable activity 
and eating candy. Their 
in a free-play situation 
fluenced, in a way reley: 
formance, by previous 
situation. 


not by some other response sequence 
which has a predictable habit strength 
resulting from previous reward or non- 
reward in similar situations, but rather 
by some novel response sequence which 
has never previously been performed by 
the person in any situation. 

Now, under these circumstances, the 
problem of predicting the effect of frus- 
tration upon quality of performance be- 
comes the specific problem of predicting 
whether a person, in the face of frustra- 
tion, will produce novel responses and 
whether these novel responses will be of 
high or low intellectual quality. This 
specific problem is one to which a con- 
siderable body of scientific research is 
relevant. Relevant research is indeed so 
voluminous that we cannot hope to re- 
view it here. All we wish to do here is 
call attention to its relevance to the 
problem of frustration, for most of this 
research has been performed, and has 
been discussed, in contexts far afield 
from the dynamics of frustration reac- 
tions. 

First of all, there is research on in- 
telligence as an organismic variable 
which influences the person’s reactions 
in a variety of situations. If intelligence 
tests measure so broadly relevant a vari- 
able as is often hoped, that variable 
should be highly useful in predicting the 
quality of a person’s response to frustra- 
tion—in Predicting, in other words, the 
likelihood that a frustrated person will 
hit upon a novel response of high quality 
rather than persisting in an unsuccessful 
response or making novel responses of 
poor quality, 

Second, if this first point is correct, 
research on determinants of intelligence 
is also relevant to the present problem. 
If heredity, nursery-school training, in- 
Stitutionalization, intellectual character 
of the home environment, etc., influence 
general intelligence, they should influ- 
ence the likelihood that the frustrated 


Person will make a novel response of 
high quality, 
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Finally, research on factors in the im- 
mediate situation which influence the 
adequacy of reasoning and problem 
palotion is relevant to the present prob- 
non Such research has not ordinarily 
ire formulated as dealing with frus- 
“er fe When we speak of frustration, 
ae inarily think of a person as at 
a anticipating steady progress toward 
i, ay and at a later point encounter- 
ae arrier. In experimental studies of 
ae and problem solution, on the 
atat end, the barrier is generally pres- 
En re outset; the subject is asked to 
Rivion ‘age toward a goal which is 
Eis. sly difficult to attain. But the 
<a of quality of response 
RI ese special circumstances should 
ae re help to illuminate also response 
RER em situations as they arise in 

ae of frustration in normal life. 
aoe is research on. situational vari- 
re problem solution is less widely 
a an that on intelligence and its 
i cape it may be pertinent here 
EORI examples. A series of experi- 
exampl studies by Maier provide apt 
likelte es. Maier demonstrates that the 
om ood that a subject will make the 
Rieu correct response to a problem 
3 fe is influenced by demonstration 
are subject of part-responses which 
BD s ited for it (18), by giving to the 
e a particular kind of part-re- 

se man Maier terms “direction” 
est13, Pd by instructions designed to 
on a general set towards flexibility 

i eee (19). Such variables as 
Mc clearly applicable to under- 
ee ing the quality of response to frus- 

ee in everyday life. s 
ace of the research on the avail- 
ity he. of novel responses of high qual- 
iste as been done in a strictly empirical 
ka ext. This research is too diversified 
fee to attempt here any theoretical 

$ gration. We would like to point out, 
ET, that the same kind of be- 
= loristic analysis which we apply else- 
ere in this paper is applicable here 


too. Examples of its application may 
be found in a theoretical paper by Hull 
(13) which discusses an experiment by 
Maier on “reasoning” in rats, and in 
Dollard and Miller’s recent discussion 
of problem-solving behavior in human 
beings (9). That such an application òf 
systematic theory may be fruitful for 
research in this area may be illustrated 
by recent studies by Birch (4) and by 
Gladstone (10), which demonstrate an 
influence of learning on the availability 
of responses for problem solution. 


D. Habits of responding to frustration 


We have so far considered the person 
as responding to the situation in which 
frustration is occurring, but not as re- 
sponding to the fact of frustration per se. 
But the occurrence of frustration is, of 
course, itself a distinguishable aspect of 
the situation to which the person may 
respond distinctively. A person might 
conceivably have general habits of re- 
sponding to all frustrations, or he might 
have more specific habits of responding 
to particular classes of frustration which 
for him were distinctive. The possible 
responses which might, in various in- 
dividuals, have come to be elicited by 
the cue of frustration, are of course in- 
numerable. We propose to call atten- 
tion here to several classes of response 
which appear to have a special relevance 
for the influence of frustration upon 
quality of performance. 

1. Persistence vs. withdrawal, Per- 
sistence in striving for the goal, in the 
face of frustration, is a response which 
keeps the individual in the situation and 
makes possible the emergence of novel 
responses of high intellectual quality, 
though whether such responses do in fact 
emerge will then depend upon such vari- 
ables as those considered in section C. 
The degree of persistence appears to be 
in part determined by habits of response 
to frustration. Grosslight and Child 
(11) showed, for one experimental situa- 
tion, that subjects who had been sub- 
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jected to frustration in the experiment 
and rewarded for persistence, subse- 
quently persisted much longer in the 
face of continuous frustration than did 
subjects who had experienced only suc- 
cess until the time of continuous frus- 
tration. In the same study tentative 
evidence was found that the first group 
of subjects, as a result of their persist- 
ence, were more likely to make novel or 
creative responses of a sort which under 
many circumstances would lead to a re- 
moval of the frustration. The second 
group of subjects, on the other hand, 
were more likely simply to withdraw 
from the situation or confine their re- 


? 


They 


showed an improved 
ance. A closely Par, 
tained by Mandler 
their Predictions 4 


se, parallel to the typi- 
experiments on partial rein- 


forcement using traditional “conditioning tech- 


niques (14). 

1 Frustration and the qualit; 
ance. III. An experimental sti 
1953, 22, in press. 


y of perform- 
udy. J. Pers., 


gree of anxiety as a response to examina- 
tion situations. This finding is still fur- 
ther confirmed in another experiment by 
Sarason, Mandler, and Craighill (23). 
We may tentatively conclude that strong 
habits of responding to frustration, or to 
the anticipation of frustration, with re- 
sponses which interfere with a complex 
intellectual activity tend to lower the 
quality of such activity when it must be 
performed in a frustrating situation. " 

3. Drive-producing responses. 
Among the responses a person may make 
to frustration are internal responses 
which create or strengthen drive states. 
Indeed, some of these drive-producing 
responses are among the interfering re- 
sponses we have mentioned in the pre- 
ceding paragraph. Drive-producing re- 
sponses, however, have two special prop- 
erties in relation to the present problem. 

(a) Certain drive states produced in 
Tesponse to frustration may operate to 
increase the motivation supporting the 
goal-oriented activity and thereby to im- 
Prove the quality of performance. In- 
dividuals who have habitual tendencies 
to react to frustration with responses 
which create or Strengthen these par- 
ticular drive states would then improve 
their performance in the face of frustra- 
tion. There appears to be no published 
research which provides clear evidence 
directly relevant to this notion, or which 
would indicate what particular drive 
States operate in this way, but this gen- 


8 Brown and Farber (5) have recently pub- 
lished an article which, while not focused oF 
the problem of quality of performance, i 
highly relevant at this point to our treatment 
of this problem. Their ‘emotional’ inter- 
Pretation of frustration behavior” might be 
regarded in large part as a much more thor- 
ough attack on the problem we deal with 
under the label of “drive-producing responses- 
We differ from them in viewing an emotion@ 
interpretation, and what they call nonem0- 
tional interpretations, which would include 
most of the rest of our treatment, not as al- 
ternative approaches (5, p. 480) but as two 
aspects of theory which need to be put t0- 
gether for the prediction of behavior. 


inf 
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eral notion appears to us to be a useful 
guide to future research. 
A (9) Quality of performance is likely 
a e greatly influenced not only by the 
tive states created by frustration, but 
also indirectly by other responses which 
are evoked by those drive states. The 
individual’s habits of responding to drive 
ae Particular to the drive states 
ikely to be evoked by frustration—thus 
AE. crucial in determining the effect 
of frustration upon the quality of his 
paeteanee in the original activity. 
acct e drive States likely to be 
Ronse y frustration are states of in- 
SIN general emotion. These emotional 
e OnE an apt example to illus- 
P e point we wish to make here. 
a a Textbooks often refer to 
ibn Gs tae effects of severe emo- 
ee ). Undoubtedly severe emotion 
a $ ten have a disorganizing effect 
Pak us reduces the quality of perform- 
this Cs the face of frustration. In part 
mn be because the emotional re- 
one themselves are to some extent 
aan pone mitt the ongoing instru- 
Dark activity. But in even greater 
ah e disorganizing effect may have to 
h ith responses żo the emotional state. 
a o cal person in our society is likely 
A ye well-established tendencies to re- 
E strong emotion with various re- 
eee wee as withdrawal from the 
foe ee situation, close atten- 
i o the emotional experience, worry; 
Xpressive behavior such as swearing and 
wip Ting—which all tend to interfere 
tie efficient pursuit of the original goal- 
mented activity. We would suspect 
Ra Persons with a different habit struc- 
se might react to the same emotional 
ates in themselves with a higher, rather 


an a lower, quality of performance. 
is appears to be the assumption 
ts of military 


toderlying certain aspec n 
taining and implicit in the belief that 


a Soned troops are more dependable 
a an inexperienced ones—the assump- 
ion that training can modify the way a 


person responds to an intense emotional 
state, indeel can modify it so radically 
that intense emotion may come to have 
an organizing rather than a disorganiz- 
ing effect on behavior. 


E. Situational and task variables in rela- 
tion to the fact of frustration 


In section D we have shown that the 
person’s habits help determine whether 
his response to the fact of frustration 
will be such as to improve, or such as to 
detract from, the quality of his perform- 
ance. In this section we wish only to 
point out briefly that the person’s re- 
sponse to the fact of frustration will also 
be influenced by a variety of situational 
and task variables. The same kinds of 


response to frustration remain pertinent 
here. 

Differences in instructions or in initial 
set given by the situation, for example, 
may influence the likelihood that frus- 
tration will evoke persistent striving or, 
on the other hand, withdrawal. Various 
specific circumstances in the situation 


may help determine whether frustration 


evokes responses which interfere with 
d what effect it 


the original activity, am 

has on drive states and on responses to 
these. The extent to which heightened 
drive can lead to improved performance, 
and the extent to which other responses 
are incompatible and produce interfer- 
ence, may vary with the exact nature of 
the task or activity in which quality of 
performance is being judged. In all 
these ways, then, the kinds of responses 
we have considered in section D are 
relevant to the effect of frustration on 
quality of performance, but relevant not 
only as a function of the person’s habits 
but also as a function of situational and 
task variables. 


III. EFFECTS or FRUSTRATION UPON 
THE QuaLity or A PERSON’S 
BEHAVIOR AS A WHOLE 


In the analysis we have presented thus 
far, frustration and its consequences may 


í 
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play a very unimportant part in the 
total life of the person. “Yet there is 
nothing about the analysis we have pre- 
sented that restricts it to such cases. 
We wish to illustrate here the applica- 
bility of the analysis to cases of more 
pervasive effects on quality of behavior, 
‘though detailed application to any one 
problem is beyond our present intent. 
One sort of case in which the ques- 
tion of a pervasive effect of frustration 
on quality of performance arises is the 
situation where the frustrating circum- 
stances are such as to interfere with not 
one, but a great many of the Person’s 
strivings. Several such situations have 
been studied by Psychologists and other 
social scientists, e.g., internment in a 
concentration camp, unemployment, and 
subjection to severe acculturation pres- 
sures. As a single example, to illustrate 
the applicability of our analysis, we refer 
to Bettelheim’s study of concentration 
camp inmates (3), 
è Where very widespread frustration is 
imposed by the environment, as in con- 
centration camps, it seems clear that the 
elimination of old responses, partly 
through impossibility of performance 
and partly through extinction, is a first 
determining factor. 


424). Another potent influence is likel 

to come from the individual’s habits a 
responding to frustration; an example of 
this is provided in Bettelheim’s account 
of the persistent submission to authority 
of the German middle class as a factor 
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interfering with a constructive adjust- 
ment to a concentration camp (3, pP- 
425-426). Finally, the role of situa- 
tional factors may be illustrated indi- 
rectly by Bettelheim’s point that the 
typical adjustment of various categories 
of prisoner differed because of the dif- 
ferent significance of imprisonment for 
them in view of their backgrounds (3, 
pp. 424-429), 

A somewhat different kind of case in 
which the question of pervasive effects 
on quality of performance arises, is the 
case in which a person’s behavior is sim- 
ply noticed: to be conspicuously high oF 
low in general quality, and there is the 
Possibility that this condition is in part 
a product of psychodynamics. Psy- 
chotics, some neurotics, and some ap- 
parently feebleminded Persons may be 
Seen as persons with a generally low 
quality of response which seems to result 
from dynamic processes of adjustment 
to life situations. “Frustration” is cer- 
tainly no adequate label—if there be one 
—for the great variety of situations to 
which is attributed an important role in 
these processes. Yet frustration cer- 
tainly is one of the variables relevant tO 
understanding these processes. The op- 
posite extreme, of the genius with a gen- 
erally very high quality of performance, 
has been little studied from’ a psycho- 
dynamic point of view, so that we can 
hardly venture a judgment about the 
probable role of frustration here. 

In cases of neurosis or psychosis the 
applicability of our general approach 35 
very aptly illustrated by certain aspects 
of the recent book by Dollard and Miller 
(9). In their interpretation of su 
Pervasively maladjustive behavior, they 
Stress the role of a person’s previously 
established habits of response to strong 
emotion or to specific drives. In pat 
ticular, habits which prevent the correct 
labeling of an emotion or drive tend uw? 
reduce the quality of behavior by elim 
nating the potentialities for fine discri™” 
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ination and appropriate generalization 
which may be brought into a behavior 
sequence by the use of correct labels. 
An account of neurotic or psychotic be- 
havior in such terms tries to explain 
much more than the patient’s reaction 
to frustration; it tries to explain also, 
for example, his reactions to goal attain- 
ment. But the point relevant here is 
that, if this is a useful explanation of 
neurotic behavior in general, it is also 
specifically an explanation of why neu- 
rotics may tend to make responses of 
poor quality in frustrating situations. 
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AGNOSIA IN ANIMAL AND MAN? 


JOSEPHINE SEMMES2 
New York University—Bellevue Medical Center 


Toa Psychologist from Mars, it might 
seein paradoxical that for us the study 
of integrative mechanisms of behavior 
has become almost exclusively the prov- 
ince of the animal psychologist. Com- 
plex processes, such as learning, problem 
solving, and concept formation, are 
studied primarily in infrahuman ani- 
mals, which, whatever their virtues, are 
not noteworthy for these abilities. This 
displacement of the human subject by 

e rat or monkey appears to rest on 
two related articles of faith: First, that 
the taxonomy of cognition is mature 
enough to allow study of the interrela- 
tion of established variables in the 
simpler and better-controlled 


a complete “phylogeny of behavior” 
merely awaits appropriate adjustment 


of the Constants in some fundamental 
equations. 


1 This paper was read at thi 


as localization of function in the brak 
which can never be answered for ma 
with the same certainty as can be i 
tained for animals. Yet, car a 
perhaps there are questions which wal 
logically prior to crntomioostit a 
Correlation, to which experiment aa 
on man alone is likely to provide na 
Swers. Cognitive processes, as 7 i 
we know, reach their highest deve ora 
ment in the human species. Lane a 
exists only in rudimentary form, a a 
all, in other animals. Because of Ha a 
pacities, injury or disease may pro a 
in man disorders such as the es 
apraxias, and aphasias, which offer i 
extraordinary opportunity for study 
the structure of mind. ¥ 
The opportunities presented by ae 
of the nervous system in man are fe 
now being exploited by any large ait 
ganized group of psychologists. sie 
Physiological Psychologists scorn ci 3 
cal material, because exact knowle ; é 
of the locus of Jesion in human cases 
usually lacking. It is ironic that su = 
an attitude may exist even among. pS 
perimenters who fail to provide his 
logical verification of the ablations a 
report in animals. It should be ae Ea 
ent that, if the aim of an experiment 1 
localization of the lesion necessary an 
Sufficient to produce a given symp i 
then neither man nor animal in ie 
locus is incompletely specified is a sui p 
able experimental preparation, How 
ever, symptoms of brain damage raise 
a question other than localization, which 
is generally overlooked, namely, what is 
the nature of the alteration in behav- 
ior? The answer to this Purely psycho- 
logical question is relevant to theories of 
normal psychological Organization. It 
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is also an indispensable prerequisite to 
the adequate design and interpretation 
of localization studies. If the aim of an 
experiment is to describe and categorize 
Precisely the nature of the behavioral 
change, then man is an eminently suit- 
able experimental subject, and the fact 
that we cannot localize the causative 
lesion except grossly need not deter us 
from such an attempt. As Lashley (24) 
Puts it, “The study of the effects of 
brain injury should serve as alternative 
to factor analysis, partialling out ele- 


“ mentary functions or abilities which 


May vary independently.” 

What professional groups are in con- 
tact with material suitable for such 
Studies, and how have they used it? 
Clinical psychologists are one such 
troup, but so far have shown little in- 
terest in these problems. Among clini- 
Clans, evidence for the influence of the 
Psyche on the soma is greeted enthusi- 
astically (if not always critically), yet 

e complementary question of the in- 
fluence of the soma on the psyche is 
neglected. The content of research in 
Clinical psychology is typically the emo- 
tional “dynamisms” of the person; the 
Usual aim is psychiatric diagnosis or 
therapy, Man as a rational animal is 
Studied mainly by means of a few in- 
telligence scales of an over-all character, 

€ problem being generally conceive 
as how best to find a number which will 
Tepresent the total intellectual attain- 
ment of the subject. There is little cur- 
rent research directed toward analysis 
of intelli d less which 

igence, and even a 
Makes use, in such analysis, of the €a 
i erv- 
Offered by dissolution of complex n 
Ous function. 
i epee group us 

Udy the process of P z 
Organization consequent fo, Se physt 
the nervous system is of cours? Pihu- 

i tanding contribu 
cans, and some ou few neurolo- 
tions have been made by ^ kson, Head 
gists, notably Hughlings Jackson, , 


th opportunity to 
sychological dis- 


and Goldstein. Their studies were not 
aimed at the discovery of diagnostic 
rules of thumb, but rather at the resolu- 
tion of the factors underlying alterations 
of behavior or experience. All of them 
were greatly influenced by contemporary 
psychology, and it would be profitable 
to re-examine their notions in the light 
of present-day psychological theory. 
Their concepts require reformulation in 
operational terms, and their conclusions 
should be subjected to empirical test, 
using modern logical and statistical 
methods of inference. 

Certain ideas and controversies, which 
have long been debated among neurolo- 
gists, offer virgin territory for controlled 
experimentation. Jackson (17) held 
that the “organ of mind” is “only 
the most complex part of... a sen- 
sorimotor machine,” that is to say, that 
even the highest centers represent parts 
of the body in terms of patterns of sen- 
sation and movement. This principle 
raises questions concerning the relation 
of sensation and movement to concep- 
tual and symbolic processes, and to ap- 
propriate conduct. One of the more 
important of these questions to psychol- 
ogy is that of agnosia. Is it possible, 
for example, to lose visual recognition 
of objects in the absence of blindness 
or dementia? 

Attempts have been made to attack 
the problem of agnosia in animals, with 
equivocal results. It is not clear, of 
course, that the syndrome could occur, 
or be recognized as such, in infrahuman 
species. Some first steps have been 
made, however, toward elucidating the 
nature of the relatively isolated defects 
in differential reactions which can be 
produced in animals by cerebral lesions. 
I should like to review briefly the out- 
come of these studies, and then discuss 
the reasons why further experimentation 
on man is likely to be necessary in order 
to resolve the issues. 

According to traditional conceptions 
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of localization of function within the 
cortex, lesions of the “visuopsychic” 
band surrounding the visual sensory area 
should produce visual agnosia. Abla- 
tions of this region in monkeys have 
been studied independently by a num- 
ber of investigators (fy 7, 8, 11,24). 
Since this lesion involves risk of damage 
to the underlying optic radiations, un- 
ambiguous interpretation of any conse- 
quent abnormality demands histological 
demonstration of the intactness of the 
Projection system. In the studies which 
have controlled this factor, no defects in 
visual function have been found, even 
though some of the problems required 
complex visual integrations, and were 
difficult enough to be near the limit of 
the monkey’s Capacity. Thus the abla- 
tion which on a priori grounds should be 
most likely to Produce visual agnosia 
has failed to do so. T have attempted 
to produce tactile agnosia by restricted 
lesions of the “somatopsychic” area, 
and have likewise failed (5). 


Although lesions of the areas sup- 
posedly concerned with sense-related 
ideas do not produce behavior resem- 
bling agnosia, ablations of cortex more 
remote from sensory areas may be fol- 
lowed by gross defects in discriminative 
behavior. 
found that bilateral temporal lobectomy 


in monkeys produces undifferential ap- 
proach resp 


objects, 
stimuli el; 
indifferen 


syndrome also include 


ance of foods which i 
lent, and greatly in 
tivity. 

Since this aggregation of abnormali- 
ties is difficult to derive from one which 
is fundamental, attempts have been 
made to dissociate the various defects 
by modification of the lesion. The 
temporal lobe includes two structurally 
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distinct parts—paleocortex and nett 
tex. On the other hand, the tempora 
neocortex is structurally indistinguish- 
able from that of the parietal and pre- 
occipital regions (25). Chow, Priben 
and I (6) therefore considered thai 
a reasonable preliminary approach to 
analysis of the syndrome might be A 
compare the effect of removing zi 
parieto-temporo-preoccipital neocorte 
(excluding primary sensory areas) Wi 
the effects following traditional tempor 
or parietal lobectomies. The parieto- 
temporo-preoccipital operation was {COR 
sistently followed by defects in ae 
discriminative learning, as measured y 
performances on formal habits of differ- 
ential reaction to colors and patie 
All animals showed impairment on ee É 
tasks, although only half the anma 
showed behavior suggestive of the sy mea 
tom which defines agnosia in man, thag 
is to say, lack of customary reaction t0 
ward familiar objects. 5 
Our rather extensive program of pre 
and postoperative training and tesi 
and postmortem histological studies, 4 
lowed us to draw certain conclusionė 
about the nature of the deficits on E 
formal visual discriminative tasks. f 
the first place, the deficits were sogi 
thing more than amnesias, The anima 
not only lost the habits to which thE 
had been trained before operation, bu 
had abnormal difficulty in reacquiring 
them. Second, the deficits were oy 
caused by primary sensory impairmen ~ 
Although some of the animals had pi 
mary visual defects consequent to mi 
vasion: of the optic radiations, not & 
the animals suffered such damage. Im- 
pairment of visual discriminative habits 
was present in some animals in whi 
the primary afferent system was com- 
pletely intact, and in which there were 
no demonstrable scotomata or losses 12 
acuity. Third, the deficits were spe- 
cific to vision. Analogous somatosensory 
discriminative habits were much less 
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consistently and profoundly affected. 
Fourth, the deficits in visual discrim- 
native learning were dissociable from 
ee pote disorientation, from hyper- 
xuali i 
ie oto from aberrations of feed- 
aa of the questions raised by these 
T is why some of the animals 
owed impairment of object recognition 
on of orientation in space, and others 
ie In our animals these abnor- 
Abad n were present only in those in- 
E uals which had primary visual de- 
ao in addition to impairment of the 
aid required by the formal visual 
a iminative tasks. We know from 
H results of other studies, however, 
S a omaia and losses of acuity are 
3 emselves insufficient to cause the 
aprons of agnosia. Therefore, we 
ania that two factors are neces- 
rad or the production of agnosia: One 
aa is related to damage to the higher 
a s of the sensory projection system, 
+ other to lesion of “associative” cor- 
ioe This hypothesis recalls von Mona- 
3 Wee (26) view that permanent visual 
i Ca in man results only from com- 
ate lesion of both primary visual and 
er cortical areas. Additional data in 
Support of such a two-factor theory 
might help to reconcile conflicting Opin- 
ions concerning the basis of agnosia. 
f How to characterize either of these 
factors in the language of psychology, 
if they can be adequately described in 
Such terms, is at present unknown, an 
is unlikely to be discovered from iu 
ther animal experimentation. The first 
peri » be 
factor might be called “sensory; 
cause it is the result of damage to the 


thala : rent system; but to 
mocortical affe do we refer 


what specific inabilities 
When we say “sensory efect”? We 


kno i scribed damage to the 
Te eee regional blind- 


Striate cortex produces 3 
ness, but we also know that this defect 
is not equivalent to that caused by 
Peripheral damage (4, 23, 30). 


The second factor is defined anatomi- 
cally by lésion of “associative” cortex, 
and behaviorally by isolated impairment 
of visual discriminative learning. But 
how can we characterize in psychological 
terms a kind of deficit which is not 
visual, and yet is specific to vision? 
For example, normal monkeys learn 
color or brightness discrimination prob- 
lems readily. A monkey with lesion of 
the temporal lobes, however, may be 
unable to learn to choose green in a red- 
green discrimination problem, although 
he immediately demonstrates a prefer- 
ence for red, and in that sense can dis- 
criminate. Monkeys with such lesions 
have abnormal difficulty in acquiring 
formal habits of discrimination between 
black and white, although they can 
easily distinguish a fine black thread 
against a black background. 

In attempting to discover what the 
nature of this deficit may be, at least 
two major possibilities must be consid- 
d. The first is that what is lost is 
the capacity to use visual sense-data, 
which are themselves normal, as the 
basis of an acquired discriminative re- 
action; the second is that the sense-data 
themselves are altered in some subtle 
way. 

Let us examine the first possibility 
that the deficit is an impairment of the 
capacity to use normal sense-data of 
a particular modality in acquired dis- 
criminative reactions. We might as- 
sume that each synaptic level in a sen- 
sory system represents a point of con- 
junction between the incoming sensory 
impulses and some class of reactions, 
and that the temporal neocortex is the 
point at which visual impulses influence 
most directly the processes on which the 
gn ee aa by formal discrimina- 
could still is ased. These processes 
of sensory sti oe by other modes 
it could T "he ation) andiconsequentuy 
show, that dis es Rocce te did 

> scriminative learning in an- 


ere! 
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other modality was not impaired simi- 
larly. With regard to various visual 
functions, the hypothesis predicts that 
whether they are lost or retained does 
not depend on the theoretical level of 
complexity of the function, but rather 
on-the manner in which each is tested. 
It is the testing methods which are dis- 
sociable instead of the capacities sup- 
Posedly tested. Much of the evidence 
from cases of agnosia in man points to 
the same conclusion. For example, rec- 
ognition of an object is possible in one 
set of circumstances but not in another. 
Apraxia is similar in nature, as illus- 
trated by Jackson’s famous example of 
the patient who could not protrude his 
tongue on command, but who could lick 
crumbs from his lips (18). Both ag- 
nosia and apraxia can thus be conceived 
as a narrowing of the Tange of equiva- 
lence: in agnosia, restriction of response 
equivalence, and in apraxia, restriction 
of stimulus equivalence. I cannot em- 
Phasize too much, however, that there 
exists no adequate Psychological for- 
mulation of why the responses, or the 
stimuli, are no longer equivalent, 

The second Possibility is that the iso- 
lated defects in discriminative reactions 
found in monkeys, and the symptoms of 


data themselves. 
Head and Holmes (16) described the 


in tactile sensa- 


sensations, 


- This may be 
true even of parts where the threshold 


appears normal to ordinary test, He 
suggests that difficulties in discrimina- 
tion may be caused by this lability, that 
is to say, the first stimulus perceived 


may raise the threshold sufficiently so 
that a subsequent stimulus is not differ- 
entiable. Using Stein’s methods, Cohen 
(9) examined several patients who 
showed defects of recognition with little 
or no sensory impairment, and found in 
all of them marked lability of thresholds 
and persistent after-sensations. The al- 
terations of sensation which are a 
vealed by the method of double simul- 
taneous stimulation (2, 3, 10) may also 
be relevant to the problem of impair- 
ment of recognition of complex objects. 
If one stimulus “extinguishes” or “ob- 
scures” the perception of another, oF 
displaces its subjective Position, the re- 
sultant impression might be sufficiently 
different from normal perception oO 
make recognition impossible. Assuming 
that such aberrations of the sensory 
Process underlie the impairment of dis- 
criminative learning found in monkeys 
after lesions of “associative” cortex, 4 
new conception of the function of these 
areas emerges. The traditional view is 
that impulses from the primary sensory 
areas are organized and patterned in 
“associative” cortex; instead, it may be 
that impulses from “associative” cortex 
Play back upon the primary sensory 
areas, thereby modulating and stabiliz- 
ing the sensory process. 

It is apparent from this cursory sur- 
vey of experiment and speculation re 
cerning agnosia that the psychologica 
Problems presented by this syndrome 
are still unsolved. The animal experi- 
ments suggest the form of the solution, 
but they tell us little about the sub- 
stance of the postulated factors. Even 
if we had the answer for the monkey, 
we still would not necessarily have it 
for man. A truly comparative attitude 
should prevent us from hasty generaliza- 
tion from one species to another even 
within the primate series. Whether the 
formulation developed in animal work 
is adequate for analysis of agnostic 
symptoms in man, and if so, how the 


D 
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factors can be described in psychological 
terms, are empirical questions. 

In collaboration with H. L. Teuber, 
S. Weinstein, and L. Ghent, I am at- 
tempting to develop empirical categories 
of somatosensory function in terms of 
symptom-complexes after brain lesions 
Inman. To this end, men with proven 
loss of brain substance are given a se- 
Mes of tests of somatosensory and pre- 
sumably related functions; all tests yield 
quantitative scores. The resulting pro- 
file is analyzed for relationships among 
symptoms, and compared to analogous 
Profiles derived from the control groups, 
in order to clarify the nature of the al- 
teration in the somesthetic process. 


Population studied: The subjects of this 
Study are drawn from the case load of 
the Psychophysiological Laboratory of New 
York University, gathered by H. L. Teuber 
and M. B. Bender for study of the after- 
effects of penetrating brain injury. These 
men are veterans, primarily of World War 
II, who have sustained combat injuries 
(gunshot wounds) of the brain or of pe- 
ripheral nerves. They are ambulatory and 
Teport to the laboratory voluntarily for in- 

ividual testing sessions. Most of these 
Cases represent presumably stable lesions, 
in which further restitution of function, 
during the course of our survey, is unlikely 
to occur. The study of such stationary 
cases has obvious advantages for deter- 
mination of the effects of loss of tissue 
Per se. However, in order to extend the 
generality of our findings, we have aati 
begun testing also a group of cases 1m whic 
benign tumors or encapsulated abscesses 
have been radically removed by the neuro 


surgeon. i al 
Subgroups formed: The E 
group has brain injury a d by the 
somatosensory symptoms (as se d below). 
Sensory tests in Group A, descr ae made 
There are three control groups: 2 E with 
up of wounded veterans: oné ai ae 
brain injury but without eaten ie 
symptoms; one group withou fois 
jury but with somatosensory Sand e 
caused by peripheral nerve lesion; and on 


group without, brain injury, and also with- 
out peripheral nerve lesion affecting the 
parts tested. Each group includes about 
thirty individuals. 

Methods of obtaining data: The test pro- 
gram includes: (A) an evaluation by psy- 
chophysical methods of basic somatosen- 
sory functions, such as tactile sensitivity, 
cutaneous resolution of two points, and 
point localization. Measures of strength 
and coordination, and ratings of ability to 
irection of passive movement of 
a joint, of tone, and of reflexes, supple- 
ment these data. (B) A quantitative study 
of aspects of the sensory process which are 
usually neglected, such as latency of sensa- 
tion, adaptation time, duration of after- 
i he effect on thresholds of pro- 

ed testing, and of concurrent stimula- 
e of ae body parts. (C) Tests of 
discriminative ability, among forms, pat- 
terns, sizes, weights, textures, and grades 
of roughness. In these tests, the subject 
is given a series of models, and is asked to 
find duplicates from among an array. The 
procedure is carried out both unilaterally 
(the same hand feels the model and finds 
its duplicate) and bilaterally (one hand 
feels the model and the other hand finds 
the duplicate). (D) A comparison of the 
ability to solve problems and to derive con- 
cepts when the elements are perceived tac- 
tually, or visually. These tests include 
matching-from-sample, conditional match- 
ing, conditional reaction, abstraction, and 
sorting tests (12, 13, 14, 15, 21, 22, 27, 
28). There is a visual form and a tac- 
tual form of each test. They will be de- 
scribed in detail in forthcoming publica- 
tions; briefly, in each test the subject must 
discover a principle in order to respond 
correctly. The procedures are designed to 
minimize the effect of aphasic difficulties; 
they involve choice-reactions in a series of 
trials, approximating methods used in the 
animal laboratory. (E) Tests of orienta- 
tion in external space and with respect to 
the body scheme. The subject is required 
to walk through complicated paths indi- 
cated on maps, perceived visually or tac- 
tually. Spatial sense, regarding the body, 
is tested by requiring the subject to touch 
in succession a series of points on the body 


perceive d 


sensations, t 
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surface indicated on diagrams of front and 
back views of the body. s 

Methods of analyzing data: For each 
test, the performances of the groups are 
compared, and the differences evaluated 
statistically. The relationships among the 
various tests are determined separately for 
eac group, by correlational techniques, in 
order to disclose patterns of normal and 
pathological function. Disparities among 
these group patterns will be examined for 
the purpose of arriving at an adequate de- 
scription of the organization of somatic 
sensation at the cerebral level. 


With this program, we hope to gain 
a clearer understanding of how somatic 
sensation and presumably related abili- 
ties are altered by central and periph- 
eral lesion. We hope to find out if iso- 
lated disturbances such as those we pro- 
duced in monkey occur in man, and if 
this is the case, what these disturbances 
mean. To what extent are certain so- 
Matosensory functions lost together, or 
Preserved together, following cerebral 
lesion? Can discriminative function be 
disturbed independently of any altera- 
tion of the sensory process? Can there 
be disparate levels of ability to solve 
Problems, dependent on the sense 
through which the relevant information 
is Teceived and independent of sensory 
impairment? Can deficits in spatial 

intelligence” be telated to somatosen- 
Sory or to visual defect? 


: Can such 
deficits be specific to the body, or spe- 
cific to external space? What syste- 


cifically, are there differen 
gional gradients of sensitiv 
relation among various meas 


ces in re- 
ity, in the 


l X ures of sen- 
sory capacity, in temporal and spatial 
spread of effect of stimuli? The asso- 


ciations and dissociations of symptoms, 
which can be brought to light only by 
intensive study of the individual case, 


should contribute to our knowledge both 
of the basis of agnosia and of the nor- 
mal gnostic process. The methods of 
classical experimental psychology and 
of the animal laboratory, when applied 
to the study of clinical material, may 
on the one hand yield more valid and 
reliable data than have hitherto been 
obtained with pathological cases, and on 
the other hand, richer and more under- 
standable results than have been ob- 
tained with animals. 
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eee be concerned in this paper 
at m potion of “purpose,” a notion 
ogical S long troubled social and bio- 
i Scientists. It has been held by 
enolo Psychologists (4) that a phenom- 
Pa ral Observation of organismic be- 
goal ee reveals the essential 

is ieee the purposiveness, of 
mals aa and that to talk of an ani- 
mate i in reaching a goal is legiti- 
ehavior. eg as “purpose” is “defined” 

ave a ly. Other psychologists (2) 

Sin isted vehemently that teleologi- 

ave n cepts such as “purpose” either 
be ta place in an objective account of 
H Only re or at most can be introduced 
after they have been derived from 


Tin; aey 
shall Principles. In this paper we 
as « attempt to show how such terms 


Used’ Pose” and “teleology” may be 
Conn with scientific respectability 1m 
ection with the primary principles 
these ane: In fact, we believe that 
ogy. notions are essential to psychol - 
clear and, when properly used, make 
EMA what it is m the Ta 
1$ i aws about. 
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telechies that psychol- 


istic notions or en 
ng to eliminate 


ogists have labored so lo 


from their science. 
We are aware that many persons, 


especially hard-headed experimentalists, 
wish to avoid any use of teleological 
concepts. This avoidance is under- 
standable. Teleological concepts have 
been pre-empted in the past by those 
who have had little or no concern with 
the formulation of testable theory. His- 
torically, “teleology” has been defined as 
the opposite of “mechanism.” A teleo- 
logical theory was taken to be one which 
explained the past in terms of the fu- 
ture. Purposes, ends, goals, or, in short, 
the terminal stage of any sequence of 
behavior acted in some unanalyzable 
way as one of the antecedent conditions 
necessary to reach the terminus. This 
usage of “teleology” has not proved use- 
ful in solving scientific problems. 

It might be argued by some that if 
by “purpose” is not meant some meta- 
physical notion, the word should not be 
used at all, for it has too many men- 
talistic connotations. We feel justi- 
fied in retaining the word, however, 
because this paper is concerned with 
goal behavior and with means and ends. 
But we are not going to talk about any 
animal as “having” a purpose any more 
than the engineers who work with 
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guided missiles that “seek” 
introject into the missite an 
or purpose. 

We hope, in this Paper, to redefine 
“purpose” and “teleology” in order to 
make them amenable to scientific psy- 
_ chological usage. We also hope to show 
the importance of these terms to learn- 
ing theory and to show that the rein- 
forcement theorists who have insisted 
Most strongly that teleological concepts 
have no place in objective learning 
theory have made, Paradoxically enough, 
essential use of the teleological frame of 
reference. 

A significant methodological develop- 
ment in recent years has been a series 
of reformulations of the concept “tele- 
ology.” Certain Philosophers of science, 
Principally Singer (3), Churchman and 


a target 
entelechy 


Two Frames of REFERENCE 
There are at least two quite different, 
yet compatible, f 


may be profit in the 


They are the 
leological (but 


tions, both necessary 
bring about some stat For 
purposes of illustration, let us use the 
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following expression: 


CS ey 


If the set of conditions designated ia 
“a” is sufficient to bring about hen 
State of affairs designated by “ez,” t is 
whenever g occurs, e; occurs. If @ és 
a necessary condition for ez, then d. 
will not occur unless a has occ 
As a matter of fact, scientists have F 
dom, if ever, been able to specify ce. 
sufficient conditions for any occult. 
Nonetheless, from the point of view 
the mechanical frame of referents a 
ideal to be achieved is the specifics i 
of the necessary and sufficient C0 
tions for any event. p 
In the following diagram, let o 
Sume that a is a necessary and 5 en 
cient condition for e1, b for es, C ee a 
and d for e,. This means that w. i 
occurs, e; will always occur, and 
does not occur, e; will not a ame 
explanation using the mechanical ne 
of reference may be said to have laws 
given when a set of well-confirmed 
has been formulated which will ae 
one to predict the occurrence of ence 
occurrence of an e; given the occult 
OF nonoccurrence of an a. 


e 

There is another feature of the na 
chanical frame of reference that to 
quires comment. It is essential A 
specify just what the antecedent E y 
consequent conditions are in any ae 
quence of events. Two ways of spe t 
fying objects and environments n° 
have been distinguished especially os 
cern us here. One is the physical cla is 
sification and the other is the morph? 


| 
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= According to Churchman and 


_ In physical classification we group ob- 
Jects or events (behavior patterns) in terms 
a a quantified property expressed along a 
TE aad scale, such as temperature, weight, 
a e length, velocity, etc. Morphological 
fication; on the other hand, is a non- 
prel method of classifying. It may 
— either a quantitative or qualitative 
ee When quantitative, the scientist 
eaten a range along a physical scale as a 
a. tion for membership in the class. . . - 
a a also have qualitative morphologies, 
obi en we specify “red objects,” or “heavy 
jects,” or “rapid walking” (1, p. 35). 


The difference between physical and 
Morphological classification is not that 
etween precision and vagueness, but 
4 the difference between the specifica- 
lon of a unique value along a scale 
and the specification of a range along 
a scale. The limits of any given range 
may be very precisely stated. 
a The ideal use of the mechanical frame 
reference requires at least the physi- 
Cal classification of antecedent and con- 
Sequent conditions. Otherwise it would 
e extremely difficult to specify the 
Necessary and sufficient conditions for 
Some occurrence. In our illustration, 
let us for the moment assume that 4 
oes not occur and b does. Under 
these conditions es would appear. But 
if e, and e are not distinguished on 
the basis of a physical classification, 
en e, might be confused with es and 
@ would seemingly fail as a necessary 
Condition for ez. : 
Means-ends. The teleological frame 
Of reference, as developed in this paper, 
is concerned with the notion of m rpich 
ends. Therefore the problem io e 
We now turn our attention 15 tha ‘8 
€xplicating this notion. we vanos 
8 tion: 
able to answer the following ques". 
Under what conditions may. some SPS 
fied: occurrence De considered as a 
In terms of our 
means to some end? 


illustration, we shall want to be able 
to answer the question as to when a, 
b, c, or d may be treated as means to 
an end. Let us begin by considering 
€1, es, €s, and e; as falling within the 
same morphologically defined class, the 
range of which is at least extensiye 
enough to include these four elements. 
Let us assume further that if at least 
one—and it makes no difference which 
one or ones—of these possible occur- 
rences obtains, then E obtains. “E” is 
the name of the state of affairs that 
obtains when at least one of the four 
events (€r €e, Es, €s) Occurs. More 
precisely, «p is a variable which takes 
names of states as instances of substi- 
tution. We require a name for such 
states of affairs in order to avoid awk- 
ward circumlocution. The question 
now arises as to the relationship be- 
tween a, for instance, and E. It can 
be seen that @ is not a necessary con- 
dition for Æ because even though a does 
not occur, Æ may occur through the oc- 
currence of b, C, or d. However, a is 
the sufficient condition for E. That 
is to say, if @ occurs, êz occurs and 
thus E obtains. What this analysis of 
the teleological frame of reference pro- 
vides is an explication of the notion 
of means, and alternative means, to 
some specified end. The relationship 
of a to E is that of a being a means 
to Æ. Of course b, c, and d are also 
means to E, that is, means to the same 
end. The four alternatives can be de- 
scribed as potential means. 

In comparing the two frames of ref- 
erence, there are several important dif- 
ferences to be noted. First, in using 
the teleological frame of reference, it 
is permissible, although not necessary, 
to make a morphological classification 
of consequent conditions. It is not es- 
sential to be able to differentiate be- 
tween, for instance, e; and es since no 
matter which one occurs, Æ obtains. 
The successful employment of the me- 
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chanical frame of reference requires 
that both the antecedent “and conse- 
quent conditions be classified at least 
physically, Second, in the mechanical 
frame of reference, the antecedent state 
of affairs is both a necessary and suf- 
ficient condition for the consequent 
State. In the teleological frame of 
reference, any given antecedent state 
is not a necessary condition for the 
achievement of the consequent condi- 
tion, namely, E in our example, al- 
though it is a sufficient condition. 
Functional class. At this point it is 
necessary to make one further distinc- 
tion. In order to do this we introduce 
the notion of a functional class. Since 
a, b, c, or d have been treated as means 
or potential means to E, they can be 
thought of collectively as members of 
the same class, 


bership in this class is that of being a 


Reinforcement theorists 
seek to avoid any use of teleological 
concepts. In fairness to their position 
it should be pointed out that they are 
opponents of that doctrine of teleology 
which leads directly to vitalism and 
emergentism, and which involves the 
introjection of an entelechy or Purpose 
into the organism itself. Hull (2, p. 
27) has suggested a way to avoid such 
subjective concepts. _ This is to re. 
gard, from time to time, the behaving 
organism as a completely self-maintain. 


ing robot, constructed of materials as 
unlike ourselves as may be.” He be 
lieves that the tendency on the part 0 
the observer to impute an entelechy, 
soul, spirit, or demon into such a robot 
is less likely than if the scientist were 
observing a living organism. He also 
states that the robot concept is an a 
fective Prophylaxis against the Le) i 
ency to reify a behavior function. “To 
reify a function is to give it a name 
and presently to consider that the name 
represents a thing, and finally to be- 
lieve that the thing so named somehow 
explains the performance of the func- 
tion” (2, p, 28). , 
We, of course, are no more anxious 
than Hull to reify functions or to a, 
ject entelechies into men or robots. | 2 
would seem, however, that the bee 
tists who have been most intimate y 
connected with the theory and construc 
tion of servomechanisms and sequen 
controlled calculators have found i 
profitable to make. extensive use 7 
teleological concepts. Perhaps it wou ë 
be more accurate to say that they bane 
divested these concepts of their demon! 
acal connotations and rendered per 
usable for scientific purposes. ae 
(6) would characterize Hull’s sel 
maintaining robot as active, purposive, 
teleological, and as capable of high- 
order predictions. One might assume 
that Wiener has simply repeated the 
ancient fallacy of introjecting purpose 
into the machine itself. Quite to the 
contrary, his analysis—behavioristic if 
character—concerns only the input an 
machine. He says, 


examination of the output of the object 
and the relations of the output to in- 
To say that a machine 


Say that it has 


some mysterious en- 
telechy Within it. 


The actions of the 
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machine may be assessed with respect 
to their being means toward some end. 
n 30 far as these actions are thus de- 
scribable they may be said to be pur- 
posive. 

The cybernetic definitions of teleo- 
logical concepts have been framed with 
reference to the problems of interpret- 
Ing the behavior of certain classes of 
Machines and neural systems. This has 
resulted in a conceptual model which 
'S workable for the problems of cyber- 
netics, However, the data of current 
learning theory requires certain modi- 
fications of these concepts. Churchman 
and Ackoff (1) have recently framed a 
More widely applicable set of definitions 
Which we shall draw upon for our pres- 
ent purposes. Wiener develops the idea 
that an object behaves purposively only 
if it pursues the same goal by modify- 
ing its behavior under varying condi- 
tions. The actions of a thermostat, for 
example, may be viewed as purposive 
in that the thermostat turns on the fur- 
nace when the room temperature drops 

elow a critical point, and when the 

temperature goes above this critical 
Point, it turns off the furnace. The 
end or goal in this example is the maim- 
taining of the temperature at a critical 
Point, and the actions of the thermostat 
May be viewed as a means of achieving 

at end in a changing environment. 

et us, however, take for an example a 
Naive hungry rat placed in a Skinner 

Ox. This animal may perform a Vati- 
ety of responses and may, after a time, 


obtain food. But because the con- 


‘ Zed 
Itions i he box have remaine 
ev der the rat’s 


Constant, we cannot consi : 
ehavior purposive under the Wiener 
definition, Thus we are in the un- 
Comfortable position of having to main- 
tain that behavior of the thermostat 1s 
Purposive, but the behavior of the rat 
1s not. 
To avoid this difficulty, 

Worked out (following Churchman and 


we have 
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Ackoff [1]) certain teleological cate- 
gories: (a) Extensive Function, (b) In- 
tensive Function, and (c) Purposive 
Function. When using the teleological 
frame of reference one may classify any 
behavior as belonging to one of these 
categories. (a) If X (any object) ac- 
complishes some specified end by dis- 
playing relatively invariant behavior in 
a wide range of environments, then X 
may be said to have an extensive func- 
tion.” (b) If X accomplishes some spec- 
ified end by changing its behavior if 
and only if the environment changes, 
but exhibits only one type of behavior 
in any given environment, then X may 
be said to have an intensive function. 
(c) If X accomplishes some specified 
end by exhibiting different types of 
behavior, whether the environment 
changes or remains the same, then the 
actions of X may be said to be pur- 
posive. According to this schema, the 
behavior of the thermostat would be 
classified as having an intensive func- 
tion; the behavior of the rat in the 
problem box as purposive. 


HuLLIAN THEORY AND “PURPOSE” 


Let us turn our attention now more 
particularly to the Hullian formulation 
of learning theory. We wish to show 
that this theory makes essential use 
of the concept of purpose as just ex- 
plained. In order to make our case, we 
must be very clear about essential use. 
To be precise about this extremely im- 
portant point we must make the distinc- 
tion between a set of lawlike statements 
and what they are about. Any theoreti- 
cian has at least a twofold task: (a) He 
must classify the objects, events, or 
situations which are to be the subject 
matter of his laws, and this implies that 
he have a principle of classification. 
(b) He must formulate a set of lawlike 
statements, which have as their sub- 
ject matter the objects, events, or situ- 
ations that he has classified, and these 


154 


Statements should systematically relate 
Parts of the classified subject matter 
to other parts. Ideally, these lawlike 
Statements will enable him to predict 
the occurrence of the classified happen- 
ings, and thus will acquire the status 
of laws. The learning theorist can 
Properly be said to make essential use 
of teleological concepts if these con- 
cepts are employed either in his clas- 
Sificatory system or in his laws. 
Hullian theorists have devoted their 
attention almost exclusively to the for- 
mulation of testable laws. But we have 
already noted that the theoretician has 
a twofold task and that he must do 
more than formulate laws. He must 
also classify the objects, events, or situ- 
ations which will be the subject matter 
of his laws, and he must make clear the 
Principle of this classification. 
this second task that the Hullians have 
neglected. are un- 
aware of what Principle of classification 
they have used, and it is partly because 
they have neglected making clear this 
Principle that the controversy about 


Purposive variety. Now that we have 
made this asserti 


happens in these experiments. The 


does he 


subject mat- 
ter for his laws? We submit that each 


and every one of the experiments cited 
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in his book involves a situation in ba 
the behavior of the organism is assesse! 
with respect to its efficacy in accom- 
Plishing certain ends, i 
We find, for example, that Demka 
stration Experiment A on page 70 A 
concerned with a rat placed on a Hi 
which is subsequently electrified. gu 
points out that the rat displays a hee 
ety of responses, one of which, the ere 
ing over a barrier, removes it from t r 
electrified grid. Hull classifies the F 
sponses of the rat into two catego 
the futile and nonfutile. What e 
Hull possibly mean by characterizing 1 
response as futile? It is not a pay 
or morphological property of a respon ‘a 
to be futile or nonfutile, and the i, 
of futility or nonfutility is certainly aa 
Part of the mechanical frame of refe 
ence. We believe that what he ne 
or should mean, ‘is that certain of z 
responses of the rat, when placed Ki 
an electrified grid, are means to a spea 
fied end, and other responses are os 
The end which Hull selects is need = 
duction. The rat’s leaping over. a ba 3 
rier isa means to the end, need redug 
tion. There is a further employ 
of the teleological frame of reference y 
Hull in this experiment. In a series © 
trials, the rat makes a number f 
escapes from the charged grid. Hu 
pays no attention to the exact location 
from which the rat leaps or to the gat 
cific musculature involved (for the 74 
may leap from varying stances) whe? 
he describes the rat’s escape. If A 
were making a purely mechanical anal- 
ysis, he would, of course, have to do 
this very Precisely. Nor does he pay 
attention to the exact spot where the 
tat lands on the other side of the bar- 
Tier, and this js something else that 
would have to be done Precisely in 4 
purely mechanical analysis. Let us as- 
sume that the rat may leap from any 
one of four physically different loca- 
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tions, and land on any of four physi- 
cally different spots across the barrier. 


Location 
Location 
Location 
Location 


a, ———> Spot e€; 
@, —— Spot ez- 
a; ———-> Spot e 
a, ———-> Spot €; 


pill is perfectly willing to count a land- 
oe ee any one of these four spots as 
Wh, ituting an escape from the grid. 
oe this means, then, is that he is 
p rested in the relationship between 
site %, üs, @, which can be classified 
sta Phologically, and E. These four 
Starting locations, and the appropriate 
amping reactions, constitute members 
of the same functional class, any one 

which is a means to the same end, 
namely, escape from the grid. The be- 
avior of the rat on the electrified grid 
ad be categorized as purposive. The 
a aneo aplishes some specified end by 
Xhibiting different types of behavior 
Whether the environment changes or 
remains the same. 

In “Demonstration Experiment C” 
(2, p. 75) Hull cites a conditioned- 
reflex learning experiment in which a 
Og learns to lift its foot in response 
to a buzzer, with shock serving as the 
unconditioned stimulus. Hull says, 
No doubt the dog makes many other 
muscular contractions in addition to 
those which result in the lifting of the 
foot, but these are usually neglected 
in such experiments.” Why, We might 
ask, are they neglected? It is quite 
evident that learning theorists are not 
Merely interested in a purel 


Rather, they wish to construc! 
aws that will enable 
he occurrence of those ! 
are relevant to the achieve! 


Specified goal. 3 
In the ae space available we can- 
Not cite all the experiments performed 


by reinforcement theorists, or even all 
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of those mentioned in Hull’s book. We 
are confideñt, however, that an exami- 
nation of the experiments performed 
by reinforcement theorists will reveal 
the same properties. What these ex- 
periments have in common is that they 
deal with objects that can exhibit djf- 
ferent types of behavior whether the 
environment changes or remains the 
same. And the experimenter singles 
out of the myriad of responses that 
might be investigated just those that 
are relevant to the achievement of some 
specified end. What the experiments 
have in common, then, is the use of 
the teleological frame of reference, and 
even within that frame of reference, the 
use of the special category of purpose. 
For example, the experimenters do not 
treat behavior in terms of the categories 
of either extensive function or intensive 
function. The experiments are not per- 
formed on objects that display rela- 
tively invariant behavior in a wide 
range of environments, as do clocks, 
for example. Nor do they involve or- 
ganisms Or machines that exhibit dif- 
ferent behaviors in different environ- 
ments, but only one type of behavior 
in any given environment, as do amoeba 
and some servomechanisms. It should 
be clear at this point, then, that the 
learning theorists are making systematic 
use, as any theorist must, of some prin- 
ciple of classification in selecting sub- 
ject matter about which to formulate 
laws. The Hullian learning theorists 
have never made their principle of clas- 
sification clear. 


TorMANIAN THEORY AND “PURPOSE” 


It may seem that the position that 
has been set forth in this paper is 
equivalent to the one Tolman and his 
followers have long urged. Certainly 
Tolman has talked about the impor- 
tance of purpose, ends-means relation- 
ships, goals, and has even said that 
behavior as behavior reeks of purpose 
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and of cognition” (4, p. 12). However, 
Tolman’s use of teleologicai concepts is 
quite different from ours. To the Tol- 
manian, purpose is something that the 
animal has within it, and that an inde- 
pendent, neutral observer ascribes to 
the organism as a result of an analysis 
of its behavior. According to this view, 
we can speak, upon observing a cat in 
a problem box, of the “cat’s purpose 
of getting to the outside, by bursting 
through the confinement of the box,” 
or of the “cat’s Purpose as a deter- 
minant of the cat’s behavior” (4, p. 
13). To Tolman “The rat accepts or 
rejects and persists to or from food, 
blind-alleys, true path sections, electric 
grills, etc., only in so far as these lat- 
ter function for him as subordinate 
goals...” (4, p. 28). In other words, 
goals are goals to the rat, and purposes 
are purposes of the rat. In our anal- 
ysis; purpose is a function of the clas- 
Sificatory system employed by the in- 
vestigating Scientist; it is never some 
faculty inside the organism. 

The Tolmanian analysis differs from 
Our own in another important respect. 
In his system the distinction between 
the classificatory schema employed to 
select the subject matter for the laws 
and the laws of the system themselves 
is obscured. It seems to us that Tol- 
man uses the word “purpose” both as 


ocedure of dubious 
scientific value, Ultimately it is a vi- 
ciously circular procedure, 

makes it extremely unlike] 


The learning theory developed by 
the reinforcement theorists, in our opin- 
ion, is not guilty of this confusion. It 
is, however, beyond the Scope of the 
present paper to examine the relation- 
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ship between the Hullian laws and the 
implicit Hullian classificatory system 10 
detail. 

In summary, many critics a 
charged that reinforcement theory Fi 
defective because it does not take pia 
posive behavior into consideration, ani 
proponents of reinforcement theo 
have admitted the absence of rie 
cal elements and have taken this a 
sence as an index of the scientific ier 
acter of their theory. Following bi- 
lead of certain cyberneticians and p. d 
losophers of science, we have son 
out a new formulation of the telooldl i 
cal frame of reference which en 
metaphysical entanglement, and he 
shown that the reinforcement theori 
have implicitly been making use of A 
frame of reference. The Hullian lave 
are set up to explain the a m 
under which an organism learns. Fr m 
the implicit Hullian point of view, i 
say that an organism has learned son h 
thing is to assert that there is a DA 
probability that the organism will ý 
hibit responses that are a means je 
the end need reduction. Thus we h 7 
seen that the concept of learning its 
is one that can be meaningfully use 


: o 
only within the teleological frame 
reference, 
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THE PROBLEM OF “WHAT IS LEARNED?” 


JAN SMEDSLUND 
Institute for Social Research, Oslo 


In a recent paper (2) Kendler dis- 
Cusses the problem of “what is learned?” 
and concludes that it is a pseudoprob- 
lem stemming from the error of reify- 
Ing theoretical constructs. It seems to 
us that Kendler’s interpretation of the 
formulation, “What is learned?” as be- 
ing synonymous with the formulation, 

Which is the best theoretical model for 
representing the learning process?” is 
not a very reasonable one. We think 
there is another more important and 
Operationally meaningful interpretation. 

We interpret the formulation “what 
has the organism (O) learned in the se- 
ries of situations (S)?” as being syn- 
Onymous with the formulation “what 
Changes have occurred in O’s behavior 
and learning in any situation, whether 
it belongs to S or not, as a function of 
0's being presented to S?” 

If the situations belonging to S are 
(approximately) identical, as has usually 

een the case in learning experiments, 
then one cannot infer anything about 
What has been learned, because (4) in 
a constant situation there is no possi- 

ility of knowing which cues or aspects 
of the proximal stimulation have been 
Teacted to and, what is more ipa 
b) one cannot know on which dista 


vast : been focused. 
ariables the learning has ase of what 


he situation is a special © 
5 «channeled 
Brunswik (1) has called | G vať- 
Mediation” and “artificial ty 
lables, 

This type of experimenta fi 
often resulted in a failure t and has 
the distal focusing of be t, but never 
given rise to the frequen ‘maintain a 
very consistent, efforts ification of va- 
Proximal-peripheral oe f that what is 
tiables, involving the belief tha onse to 
Tease d e movements 1n resp 
Proximal stimulation. 


1 design has 
ecognize 


As the learning situations become more 
variable, one may infer more about what 
has been learned in these situations. As 
the series of situations becomes more 
representative of the organism’s eco- 
logical universe, it becomes easier to 
infer what changes have occurred in the 
ecological universe and, consequently, 
to infer on which distal variables the 
learned behavior is focused. i . 

The proximal-peripheral classification 
of variables and the resulting primitive 
concept of what is learned, i.e., some- 
thing that may þe directly inferred from 
a constant situation, have led to the 
pseudoconcept of transfer. The pro- 
cedure of determining what is learned 
in a series of situations (S) and the 
procedure of determining transfer from 
S are identical. They consist of vary- 
ing the situation and of recording what 
changes in behavior and new learning 
have taken place as a function of the 
learning in S. Therefore the concept 
of transfer becomes unnecessary. The 
problem of predicting transfer is the 
problem of predicting what will be 
learned. ; 

In addition to being superfluous, the 
concept of transfer can be shown to be 
an artifact created by the traditional 
experimental design. If transfer is de- 
fined as effects of learning in one con- 
crete situation or group of situations on 
behavior and on learning in any other 
concrete situation or group of situations, 
then every instance of learning outside 
the psychological laboratory is also an 
instance of transfer, because every ob- 
servation of learning requires at least 
two situations and every two situations, 
except in extremely well-controlled ex- 
periments, have at least some differ- 
ences. Thus, when there is no artificial 
tying of variables, the concepts of learn- 
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ing and of transfer cankot be distin- 
guished. : 

Let us now consider the ‘problem of 
Predicting if, how fast, and what a given 
Organism or group of organisms will 
learn in a Siven series of Situations. In 
Our opinion the relevant variables are 
all central, and because these variables 
are the result of earlier learning proc- 
esses, we arrive at the conclusion that, 
in general, every Prediction of learning 
must, explicitly or implicitly, be based 
on a diagnosis of relevant parts of what 


esses, but are nevertheless central, 

By the Statement that all variables 
relevant to the learning Process are cen- 
tral we mean that they are variables 


5 the case 
of a group of Communists and a group 


of anti-Communists memorizing the con- 
tent of a speech given by Stalin. Here 
the relevant central structure js the atti- 
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tude toward Communism. Anot 
ample may be taken from anne nde 
ing. Studies of “place learning a the 
“Teasoning” (Maier) indicate t a 
rat, at the age when it is ne, 
in learning experiments, has valle 
formed what Piaget (3) has that, 
“spatial groupings.” This piper pos- 
given the information that a ra cture 
Sesses the kind of central ae suc 
called “spatial grouping” and wi sera 
and such values of the parame (given 
this structure, one may pee how 
Certain additional information) if, in a 
fast, and what this rat will ae Py 
given spatial context. Indices ve re 
existence of a “grouping” of spati ating 
lations are the ability of eee, 
Separate experiences, making — a etc. 
reversing paths, inferring dirge on tha 

We conclude that the problem 0 clear- 
is learned, as defined above, has = it is 
cut operational meaning and tha y 0 
an important one in the psy ho 
learning, because any successful meth- 
of learning presupposes (a) that tures 
ods of diagnosing central see 
(what has been learned earlier) ae 
been developed and (b) that the aie 
relating the learning process to t ne 
mensions of these earlier formed S$ 
tures have been found. 
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A SINGLE THEORY FOR REMINISCENCE,°ACT REGRESSION, 
AND OTHER PHENOMENA* 


ELI SALTZ 


Technical Training Research Laboratory, 


Human Resources Research Center * 


The theoretical formulation here 
presented was at first designed simply 
= an attempt to explain in terms of 
ae constructs the act regression 
oe ee reported by Hamilton 
Crest rechevsky (9), Kleemeier (21), 
ANE y (32) and others. The specific 
Noe model used, in fact, is a 
the ification of Spence’s transposition 
— It soon became evident, how- 
KA i that the model might become 
4 ul not only for the prediction of 
aan phenomena and transposl- 
he but also for certain features of 
2 toactive inhibition, spontaneous Te- 
povery, and disinhibition. If upheld 
a further research, the theoretical 
i pael gives signs of being a very use- 
ul tool in the unifying of several areas 
of behavior study. 

It should be emphasized that the 
theoretical model here presented at- 
tempts to deal only with a limited seg- 
ment of behavior. The model is not 
to be considered an attempt to predict 
all of behavior. 


THEORETICAL MODEL 


The application of the stimulus gen- 
eralization principle to the two proc- 
esses of excitation and inhibition as 


Previously used in discrimination learn- 

1The writer wishes to express his gratitude 
to Professor H. P. Bechtoldt for his encour- 
agement during the formulation of the theo- 
Tetical model presented jn this paper, and to 
Tofessor G. Robert Grice who read and criti- 
cized the manuscript for the present papes J 

2The opinions or conclusions contained in 
this paper are those of the author. They are 
not to be construed as reflecting the views or 
indorsement of the Department of the Air 
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ing (39) provides a mechanism in terms 
of which predictions can be made in 
the areas of instrumental learning, ver- 
bal learning, and conditioning. 

Eight assumptions will be used to 
indicate the nature of this mechanism. 
The specific functional relations re- 
quired to state the assumptions pre- 
cisely are not crucial in our present 
lack of knowledge of the interactions 
exhibited in the empirical results. 

The eight assumptions involved in 
the model are: 

1. Each time a particular response R, to 
a given stimulus S, is rewarded, a hypo- 
thetical excitatory tendency of S, to elicit 
R, is increased. The amount of this ex- 


citatory tendency connecting S, to R, will 
henceforth be referred to as the Absolute 


Excitatory Strength of S, to elicit R,. 


This assumption is widely held by 
gists. McGeoch (28), in his 
chapter on the law of effect, summarizes 
the verbal learning data on this point 
and finds strong evidence in favor of 
a reinforcement position. Hull (15) 
summarizes the data on this topic in 
instrumental learning and conditioning, 
and he comes to the same conclusion in 


this area. 


psycholo 


2. Each time a response R, is elicited. 
either overtly or covertly, by a stimulus F 
and no reward occurs, a hypothetical i 
hibitory tendency of S, not to elicit R, is 
increased. The amount of this inhibitory, 
tendency preventing the occurrence of R. 
moi i pane of S, will henceforth 

e erred t ibii 
aen of S E i Absolute Inhibitory 


The experimental work relevant to 
this assumption has been limited in 


oree ` 
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amount. Melton (30, 31) Suggests that 
in verbal learning some aactor other 
than the Competition between responses 
seems to be Operating in those situations 
in which a second response (Rə) is 
learned in place of the original response 


decrement to Rə due to 


on decrement, 
th an unlearn- 


earning, Melton Suggests, by assuming 


1 responses occur covertly during 
the learning of R 


a weakening of 


the § R 
both these areas, 


“ Connection in 
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4. When two incompatible response 
and R,, compete for elicitation, t Igebrai- 
ence in E-J strengths (determined effective 
cally) of the two tendencies er The 
in determining the response te differ- 
Strength of R, as a function of f R, am 
ence between the E-/ strength es Bice: 
R, will henceforth be designated the 
tive Strength of Ris 


. ug- 
Evidence for assumption a i 
gested by the results reported = (26), 
ton and Irwin (30), McGeoc All 0 
and Siipola and Israel (37). increas” 
these investigators suggest that sof R? 
ing the number of presentation ihoug 
decreases the strength of E: 
the results of Melton and JationshiP 
Seem to suggest that this re nee ex- 
is not necessarily monotonic W. ` 
treme overlearning of Re ae in- 
Assumptions 3 and 4 bo Jation- 
volve statements of linear ‘nibitory 
ships between excitatory and „tionship 
strength. Probably the _ Jinea 
are more complex than simple eeme 
functions. However, linearity $ stage 
the best possible guess at E 
of knowledge, Spence (38) rep peA 
assumption of algebraic summa th 
excitatory and inhibitory strane tion 
be satisfactory as a first approxim 


da 
en! 
5. Stimuli other than S, acquire ‘ae 
ency to elicit and to inhibit the ey the 
R, as a result of the gree abso- 
hypothetical absolute inhibitory an everal 
lute excitatory tendencies along “arves 
stimulus similarity dimensions. The dients 
will be termed the Generalization Gra 

for inhibition and excitation. 


of 
Evidence supporting the con : 
generalization of absolute exci een 
strength in verbal learning has (3) 
Provided by Yum (44), Dulsky 
and others. J 
Lashley and Wade (24) have, E 
cently attacked the existence ae 
generalization gradient of excita bie 
strength in instrumental a 
However, replies by Hull (16), Gri 
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(4, 5), Grice and Saltz (6), and others 
to the Lashley and Wade paper appear 
to make the assumption of such a 
gradient a reasonable one. 

Generalization of absolute inhibitory 
strength has not been directly investi- 
gated with verbal learning materials; 
when nonverbal stimuli are used, how- 
ever, there seems to be little doubt as 
to the occurrence of the phenomenon. 
Hull (16) summarizes these data. 

The following three assumptions are 
iy implicitly or explicitly stated in 
Pence’s transposition theory. 


ee The slope of the curve for generaliza- 
ora of inhibition is steeper than the slope 
the curve of excitation. 


al Assumption 6 concerning the relative 
Opes of the gradients of generalized 
absolute excitation and inhibition has 
hee perimental data to back it. _Hov- 
the (13) reports that in conditioning 
hibit: appears to be a tendency for in- 
= ition to drop off more quickly than 
i Citation as degree of generalization 1s 
Ncreased.* However, there appear to 
in ae data relevant to this assumption 
he area of verbal learning. 


7. After the removal of a stimulus, its 
race persists for a brief period; the trace 
Brows progressively weaker with the pas- 
Sage of time. 


The above is obviously a restatement 
E the stimulus-trace hypothesis of Pav- 
ov (33) and of Hull (15). The trace 
YPothesis was rephrased at this time 
© de-emphasize the neurological aspects 
of the formulations found in both Hull 
and Pavlov. 
The eighth assump 
Statement of a specific con 


tion is merely 4 
dition of as- 


hat while Hovland’s 
f inhibition Aa 
wo 
ent from that proposed ape EL p 
Inhibition concepts are isomorphic ane 7 
© operational definition offered i bi pone 
“nd the operational definition implch 
Ovland experiment. 


It should be noted t 


erbal conceptualization © 
p jn this papers 


ə 
sumption 5 concerning generalization of 
excitation. ° 


8. Passage of time, after the cessation of 
an activity, is accompanied by an alteration 
of “set” stimuli within the subjects. The 
original set stimuli can be recovered by a 
warm-up period consisting of activity re- 
sembling the original activity. 


The evidence for the above assump- 
tion arises largely from the work of 
Irion (17, 18). Irion found that mem- 
ory loss between learning and relearning 
could be decreased if, just prior to re- 
learning, colors were presented to the 
subjects in a fashion similar to the man- 
ner in which the verbal material was 
originally presented for learning. Irion 
interpreted these results as indicating 
that the delay between original learning 
and relearning was accompanied by a 
loss of “sets” acquired during original 


learning. This constitutes a stimulus 


alteration. A 
The fullest description of the more 


basic interactions between the above 
variables is presented in the following 
section on act regression. The discus- 
sion of the relationship of other experi- 
mental phenomena to the model will 
simply allude to the discussion pre- 
sented in the act regression section. 


INSTRUMENTAL LEARNING 


1. Act Regression 

In the classical act-regression studies, 
one response (e.g., turning left in a 
T maze) is established to a particular 
stimulus and then is extinguished while 
a competing response (e.g., turning 
right in a T maze) is developed to the 
same stimulus. During the acquisition 
of the second response a new stimulus 
(e.g, a momentary electric shock) is 
presented at the choice point before the 
response has been made in that par- 
ticular trial. Upon presentation of the 
new stimulus the animals often tend to 
exhibit the first (extinguished) response 
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more frequently than the more recently 
learned second response, 

amilton and Krechevsk. 7 (9), San- 
ders (36) Martin (29), O'Kelly (32), 
and Kleemeier (21), a 


ments to the first 
has demonstrated 
nimal’s drive level 


In terms of the the 
absolute excitator 


ABSOLUTE STRENGTH OF 
EXCITATION AND INHIBITION 
> 
2 


50 75 100 125 
DISTANCE "O" jy J.N.D'S FROM THE 
TRAINING STIMULUS 


inhibition wi 


. 3 
+ excitatory and inhibitory 
ively, at 


j 2 generalized stimu- 
lus j; d is © distance in jnd., A 
and the training stim last, be -S between j 
equal to 10 


wh © Is a constant 
ese Parameters are arbitrarily 
en 


as approxi- 
arameters, 


owever, 
any parameters should show th same tend- 
encies for interaction characte, between 
responses as the above para 


Soe eters, as long as 
both excitation and inhibition Beneralizatics 
gradients fall monotonically, and 

the inhibition gradient fa) 


as lon, as 
lls more r 5 
the excitation gradient, 


apidly than 


d 
F an 
reinforced upon presentation o1 w. 
some incompatible response, tendi Re- 
ing right), is established aa overt an 
peated nonreinforcement o in the de- 
covert Rı responses results > at 
velopment of inhibition to Š sated re- 
training stimulus So, while Te grow 
inforcements of Rẹ lead to th to Re 
of absolute excitatory er ngth 0 
At the point where the E-I s will elicit 
Rı falls below that of Ra, So rrence 0 
Re rather than Ri. The ibe oint will 
any modification of So at ery for tl 
change the stimulus ta S, dif- 
subjects so that some stimu t. Figures 
ferent from So, will be Pee ot ihe state 
1 and 2 illustrate the effect 0 ant f 
of affairs upon the effective s F 
if m jint 
As the stimulus changes “a a Ri 
we find that the E-I es Jess 
to the generalized stimuli gare 
quickly than does the E-I tok in t 
Rə. This differential oa consid: 
E-I strengths follows from t engths ° 
eration of the generalized str ted with 
excitation and inhibition a cae 
Rı and the strength of = of th 
tendency to Re. Since the s a inhibi- 
inhibition gradient is such that ation 
tion falls more rapidly than e 5 
the loss of absolute innibition n excita 
greater than the loss of absolu timulu 
tion as the two move along the Sine -I 
alteration dimension; i points 
Strength of R, will, up to som a 5 
increase with stimulus altera A EÍ 
the inhibition to Rə is zero, ntly 25 
strength of R, will drop consiste: 
a function of stimulus alteration engt” 
Figure 2 shows the effective s nerali- 
of R; at the various stimulus Da A 
zation points and shows how inc som 
stimulus changes, at least up to an 
point, tend to allow for greater imag 
greater effective strength of Rj; ape 
Same tendency occurs whether the Jess 
solute strength of R; is greater or is 
than that of Ro, but the stronger Ri 


tio? 
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40 
30 
E 
© 20 
& 
to 
E 
Her o 
wua 
20 10 
E INHIBITION 
9 æ OPERATING 
la — —- NO INHIBITION 
Ww” 30 OPERATING 
o 2 5ọ 75 100 (25 150 175 
DISTANCE "d" IN J.N.0.'S FROM TRAIN- 
ING STIMULUS 
Fic. 2, Hypothetical generalization gradi- 


ot er excitation affected by inhibition and 
teli ected by inhibition when inhibition gen- 
i =< less than excitation, The values used 
‘ie = the above figure were obtained from 


ìn absolute strength in relation to Re 
the greater will be the effective strength 
Of Ri. Thus the two findings that have 
ongen from the regression studies are 
oth predictable on the basis of the 
Present theoretical model: (a) Shock 
at the choice point, altered hunger state, 
and altered set conditions lead to re- 
Sression. (b) The greater the num- 
na „of reinforcements of Ri over Re 
pe the original learning the greater 
e amount of regression. 


2. Transposition 

| A classical example of transposition 
is one in which a subject first learns to 
respond to the larger of two stimuli; 
When the smaller of the two stimuli is 
Temoved and a new stimulus which is 
larger than the original large stimulus 
ìs introduced, the subject may respond 
to the larger of the new pair just as he 
responded to the larger of the old pair. 
n those cases where the subject reacts 
to the “relationship” betwee? sizes, g0- 
Ing to the larger stimulus despite the 
fact that this was not the stimulus ae 
inally rewarded, transposition 15 said to 
ave occurred. Such “relationship re- 
Sponses to new stimulus pairs, as can 


be readily seén, are possible whenever 
the stimuligcan be arranged along a 
dimension. | Brightness has also been 
used quite often to demonstrate this 
effect. 1 

The assumptions, in the theoretical 
model presented in this paper, which 
are not part of Spence’s (39) transposi- 
tion theory do not appear relevant to 
transposition. Consequently, the pre- 
dictions originally made by Spence also 
follow from the present theory. 

Spence hypothesizes that the reward 
member of the pair of stimuli general- 
izes excitation; the nonreward member 
generalizes inhibition. He then pre- 
dicts from the interactions of these two 
processes that transposition is greatest 
to pairs of stimuli close, on the stimu- 
lus dimension, to the originally learned 
pair. Pairs progressively farther from 
the original stimuli should show the 
effect less strongly. Finally, pairs at 
the extreme of the dimension should 
show an inversion of the relationship 
response. Several experimental studies 
tend to sustain both the predictions of 
the inversion of the relationship re- 
sponse (8, 41, 43) and of the progres- 
sive decrease in tendency toward trans- 
position as a function of distance from 
the original training stimuli, (7, 22, 39). 

However, the results of Kendler (20) 
are not completely consistent with the 
last stated prediction. Kendler meas- 
ured the percentage of transposition 
along a brightness dimension. She 
trained one set of animals to respond 
to the brighter of two stimuli, then 
presented them with test pairs which 
were brighter than the training pair. 
The percentage of transposition first de- 
creased in accordance with the predic- 
tion; however, without reaching a stage 
in which the percentage of transposition 
was that to be expected by chance, the 
curve began to rise again. These re- 
sults are contrary to Spence’s original 
prediction. However, they can be ex- 
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plained in part at least ky the findings 
of Grice and Saltz (6); Grize and Saltz 
tested Hull’s stimulus dyna:nism postu- 
late and found that increased intensity 
of the stimulus resulted in increased re- 
sponse tendency. Kendler’s discrepant 
results occurred when she presented 
stimuli brighter than the training pair. 
The relationship response was the one 
to the brighter stimulus. This stimulus 
ynamism postulate suggests that in- 
creasing brightness raises the response 
tendency. Thus the interpretation can 
be made that the tendency toward the 
relationship response was increased at 


the extremes of brightness used by 
Kendler, 


3. Spontaneous Alternation 
Dennis 


mals are 8lven two alternative Paths of 


» in terms of the 
Presented above. 

lay of reward is a point along the 
reward-no-reward continuum, In fact, 
any response js eventually followed by 
some reward, though this reward may 
not arise until hours after the response 
has been made; in such a situation the 
reward may probably be Considered as 
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not effective for reinforcing the ae. 
lar response. Thus, a choice pole 
lowed by a long path to reward sl E 
result in inhibition accruing to Ere 
chosen; if the two alternative pat hoice 
similar in appearance at pee. 
point, both the rewarding and in T pi: 
properties of the chosen path ii "th, 
eralize to the previously ignored P 
Since inhibition generalizes jess 
reward, the previously ignored r n the 
have a greater E-I oa tha 
previously selected path. to 

Passage of time has been assumed 
alter the animal’s set, and this Š a 
in generalization of both excitatio lizes 
inhibition. Since inhibition Bene bet 
less than excitation, it is predicts de- 
the alternation tendency shou inter- 
crease as a function of the time $ a 
val between the two trials. This i 
actly what Heathers (10) found. 

The more the two alleys were ice 
similar in appearance at the eather 
Point, the less generalization of 1d be 
excitation or inhibition there ar 
between them. Consequently, E ced: 
ternation tendency should be r lowe 
Tf the choice-point response is fo TEOD 
by immediate reward, no inhi Iter- 
should develop and consequently p 
nation should occur no more mee 
than would be expected by cha the 
The greater the amount of reward, i 
less alternation should occur as the in- 
strength of the first alley will be a5 
creased. These three predictions, yer 
far as the author knows, have oute 
been tested. They would contri z 
considerable evidence concerning 
theoretical model. 


h will 


dis- 


VERBAL LEARNING 
1. Retroactive Inhibition 


As can be seen by examining the pat 
adigm of act regression discussed above 
the retroactive-inhibition Paradigm an 
the act-regression Paradigm are ex” 
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tremely similar. The act-regression 
technique can be described operation- 
ally as a modified retroactive-transfer 
Paradigm (A-B, A-K, A’-B’) in which 
the modification in the “relearning 
Stage” involves a change in the stimu- 
lus conditions. 
__ As a consequence of the theoretical 
model presented above, it is predicted 
that when, in the relearning phase of a 
Tetroactive-inhibition situation the stim- 
ulus member is altered within certain 
limits, the relearning should be faster 
than when the identical stimulus is pre- 
sented. 


2. Strength of Retroactive vs. Proac- 
tive Inhibition as a Function of the 
Interval Between the Learning of 
A-K and the Relearning Phase 


Melton and Von Lackum (31) found 
that after learning A-B followed by A-K 
it was more difficult to relearn A-B than 
to relearn A-K. This, it will be re- 
called, was used by Melton and Von 

ackum as proof for the existence of 
an “Inhibition” factor. 

Underwood (42) repeated the Mel- 
ton and Von Lackum experimental de- 
Sign using paired associates and using 
two different time intervals between the 

-K and the relearning phase. Basi- 
cally, one group relearned after 5 hours, 
another group after 48 hours delay. 
His results were the same as those of 

elton and Von Lackum in the 5-hour 

elay group: The A-B list was more 
ifficult to relearn than the A-K ist 

Owever, this was no longer true aner 
48 hours delay. The 48-hour delay 
group showed no significant difference 
n relearning for A-K over A-B. 4 

The Underwood data become eal 
dictable fa tenance the theoretica 
Model if Trion’s warm-up effect experl- 
Ments are brought into poen €- 

e interval between learning and r 

ter ‘ched by a stimulus 
earning is accomplis being a 
change, the amount of change being 


function of the length of delay, then 
Underwood’s 48-hour group would re- 
learn A-K {nd A-B under a more al- 
tered stimulus complex than would his 
5-hour group. As a consequence, it is 
predicted from the theoretical model 
that A-B would be stronger after 48 
than after 5 hours. This, fundamen- 
tally, is what Underwood found. 


3. Bowed Serial-Learning Curve 

The typical curve of item difficulty 
in a serial-learning list of homogeneous 
items is bowed in appearance. An item 


„somewhat closer to the end of the list 


than to the beginning is the most diffi- 
cult to learn. Difficulty falls off in a 
monotonic fashion in both directions 
from the most difficult item. Consider 
A-B-C-D-E-F-G as constituting a serial 
list, each letter representing a separate 
item of the list. The correct response 
to any item of the list is the item imme- 
diately to its right. However, in addi- 
tion to the association A-B, the remote 
forward associations A-C, A-D, etc. are 
has been shown by McGeoch 
(27), among others. And in addition 
to incorrect forward associations, Mc- 
Geoch (27) and others have shown that 
backward associations develop; item D, 
for example, has a tendency to evoke 
items C, B, and A as responses. These 
remote associations may be considered 
as products of the stimulus trace. The 
trace of an item occurs simultaneously 
with some remote list item. When the 
remote item is reinforced to its correct 
stimulus, this reinforces the connection 
between the trace and the remote item. 
In the present paper, both correct re- 
sponses after the response word appears 
and correct anticipations will be consid- 
ered reinforcing states of affairs. The 
overt and covert occurrence of incorrect 
forward and backward associations is 
not rewarded, and increments of inhibi- 
tion develop to prevent these responses 
from occurring to incorrect stimuli. 


formed, as 
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This inhibition generalizes along a simi- 
larity dimension so that the strength of 

e response is decreased “not only to 
incorrect stimuli but also to correct 
stimuli, 

If certain assumptions are made con- 
cerning the relative strengths of forward 
and backward remote associations, the 
frequency of occurrence of items as in- 
correct responses to other list items, 
when plotted against serial position of 

e responses, will produce a curve iden- 
tical in shape to the typical serial-learn- 


4. Reminiscence in Serial Learning 


The Passage of time Produce 
tered stimulus condition 
tion generalizing less t 


S an al- 
» with inhibi- 
han excitation. 


will no longer 
As the inhibition is great- 


ntral portion of the serial 
will produce an 


period. correspond 
to the results obtained by Hovland 
(14). 

Irion’s (17) discussion of 
up effects indicates th 
after the end of the re 


the warm- 
at, several trials 
st Period, the Ss’ 
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ered. 

original set conditions are ~~ be 
Consequently, the paroon sever 
made that after a ar gente learning 
trials the center of the PPa imbet 0 
curve would again drop in i ecin be- 
correct responses; this shoul turn the 
cause the warm-up should pe conti 
Ss to their original set ee are 
tions where the inhibition Tas out 
active. The Hovland data 
this prediction also (14). ade that 

The prediction can be ne to re- 
reminiscence effects will be col a 
covery of words from the cen 7 number 
serial list. Whether the tota ter dul 
of words recovered will be a during 
ing the reminiscence trial t he inter 
the practice trial depends on dissipation 
action between inhibition E inter- 
with passage of time and is dissip® 
ference effects caused by this sage 0 
tion. Generalization due peo whic 
time will dissipate the rayon non- 
develops in items due to See hi 
reinforcements; it also dissipa as due 
inhibition which accrues to e sim- 
to generalization of inhibition ne exac 
ilar items in the list, Sine cil to 
gradients are unknown, it is ; val con” 
make predictions about the op y wor 
ditions in which total number et b 
during the reminiscence trials during 
steater than the total ee 
the last practice trial, An in tudie 
Variation on the reminiscence “ation 
has been attempted. This val pas 
consists of presenting a se = t 
Sage for subjects to read. , A f ques- 
passage has been read, a series 0 Some 
tions on the Passage is presented. ‘sagê 
of the questions quote the oa two 
others paraphrase it. Equating t imme- 
types of questions for difficulty 1 
diately after reading it, Checov ara- 
finds that, after one day, the Poe 
phrased questions are answered ect 
rectly more frequently than the pe 2 
quotation questions. From the sta re 
point of the theoretical model, the pa 
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h ns P 
Pe materijal is an alteration of the 
F ae material and produces the gen- 

alization necessary for reminiscence. 


CONDITIONING 

1. Disinhibition 
ao (33) reports that an extin- 
a conditioned response often re- 
is o when its conditioned stimulus 
ee i by an extraneous stimu- 
Bins i he calls disinhibition. In 
hee the theoretical model, the 
A a of a response is the non- 
abilite of the response until the 
iat inhibitory strength is approx- 
oa Ia al to the absolute excitatory 
the =e . An extraneous stimulus alters 
bis ap complex. As inhibition 
ete generalize as much as does 
aid ae the conditioned response will 

© reappear. 
i = Prediction from the model is that 
total o extraneous stimulus alters the 
Mined Pig more and more, the con- 
Wane i response should wax, then 
ee In strength. The waning results 
Point an alteration of the complex to a 
Talis along the stimulus dimension 
of T the absolute excitatory strength 
The e response is extremely small. 
sults predictions coincide with the re- 
reported in Pavlov (33).* 
Bos, Ata direct test of the model is 
te le at this point. If, instead of 
ees an extraneous stimulus after 
nction of the conditioned responses 
mpo ditioned stimulus is altered, dis- 
ibition should result. 


2. Spontaneous Recovery 
Pavloy (33) reports tha 
8uished conditioned respons 


t an estin- 
reappears 


On the day after extinction. The re- 
aPpearance of the response, aS Pre 
esult of 


goble from the model, is a t 
he altered set stimulus which occurs 


lanation of dis- 


4 The similarity of this exP 
similarity 0 ond of Hull 


(ibition to those of Pavlov (33) 
5) should be noted. 


9 

as a function ef time. Since inhibition 
does not ge/leralize as much as does 
excitation, tke alteration of the set stim- 
ulus produces a generalization situation 
in which the excitatory strength of the 
response is greater than the inhibitory 
strength. o 

Also arising from the model is the 
prediction that learning a new response, 
since this involves a stimulus change, 
should facilitate spontaneous recovery. 
This, in essence, is the result reported 


by Liberman (25). 


3. Inhibition of Delay 

When a long period consistently 
elapses between the onset of the condi- 
tioned response and the onset of the 
unconditioned stimulus, the conditioned 
response moves in time of appearance 
from immediately after the conditioned 
stimulus to immediately before the un- 
conditioned stimulus. 

In terms of the model, since there, 
was a delay of reinforcement to the re- 
sponse when the response occurred im- 
mediately after the conditioned stimu- 
lus,® inhibition accrued to the response. 
However, when the response occurred 
after the conditioned stimulus plus a 
time delay, it was followed more quickly 
by reward (the unconditioned stimulus) 
and was fixated here. 

The theoretical explanation provided 
above for spontaneous recovery is ap- 
plicable here. On a subsequent day 
after training of the delayed response, 
the appearance of the conditioned stim- 
ulus should result in an immediate ap- 

earance of the conditioned response. 
Rodnick (34) found this to be the case. 


5 The initial occurrence of the conditioned 
response immediately after the conditioned 
stimulus, in such delayed-reinforcement situa- 
tions, is partly an artifact of training. The 
delayed conditioning is difficult to establish 
Consequently, a shorter interval between con- 
ditioned and unconditioned stimuli is usually 
used at the beginning of training, and this in- 
terval is increased as training progresses. 


z 
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The prerequisite varizbles for disin- 
hibition as explained above are also 
Present in this formulationtof inhibition 
of delay. As a consequence, the pre- 
diction can be made that an external 
stimulus, accompanying the conditioned 
stimulus, should result in an immediate 
appearance of the conditioned response. 
Rodnick reports this Phenomenon (35). 


4. Massing of Practice 


In dealing with the effect of massing 
on conditioning, the discussion in this 
Paper will be modeled on the preceding 
discussion of massing in verbal learning. 
The essentials of that thesis involve a 
response becoming attached to “incor- 
rect” stimuli because traces of the in- 
Correct stimuli are present while the 
Tesponse is being rewarded; the incor- 
rect S-R connections are inhibited and 
this inhibition generalizes to the cor- 
rect S-R connections; massing produces 
Stronger traces of incorrect stimuli since 
the trace strength is a function of time 
after removal of the stimulus. 

In a similar manner, massing in con- 
ditioning may be thought of as produc- 
ing connections between the conditioned 
response and incorrect stimuli, 
conditioned response itself can be con- 
sidered as Producing a trace stimulus 


which can be attached to the next oc- 
currence of a con 


of reinforcement 
ment) produces 


Conditioned re- 
sponse occurring at the time of onset 


of the conditioned stimulus, and as such 
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it becomes a mediating stimulus for the 
inhibition. a 
As a consequence of the above aa 
cussion, it is predicted that, _un 3 
massed conditions, multiple poeenee a 
responses (e.g., two or more oe 
conditioned eye blinks following a 
conditioned stimulus) will increase of 
frequency as a function of aa ae 
trials until increments of inhibition wi 
further trials extinguish them. By 
One question arises immediately ce $; 
cerning the trace-response connec Aaa 
discussed above: What reinforcing sta by 
of affairs occurs which allows such íi 
connection to form? To be consis a 
with the reinforcement position takaa 
earlier in this paper, it is necessary 3 
indicate the existence of some rein torga 
ment for the connection between A 
sponse trace and succeeding respon 
The answer to this question is fai di- 
obvious. In Hullian terms, the CoS 
tioned stimulus is a primary reitora 
agent. Since this follows the ma 
response occurrence, it reinforces 
occurrence, nay tite 
Two factors are, as implicit in e 
discussion so far, involved in the ai 
trial interval: reinforcement and oe b 
tion. The longer the interval (i.e; Eao 
less the massing of practice) the m ie 
the inhibition to the trace-response mE, 
nection. This is true because eee 
intervals mean longer, delay of ee 
forcement since the S.-S, of the ne 
trial constitutes reinforcement. For al, 
same reason, the longer the mee x 
the less the reinforcement, of the A 
fering trace-response connection. the 
treme massing, then, should reduce i 
inhibition to the interfering ree 
and might be expected actually to 15 
cilitate conditioning. Fundamentally 
this is what Hilgard and Marquis an 
report that Calvin found. Nine tria 
per minute result in Poorer learning 
than do three per minute, Howevel 
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ic trials per minute result in better 
earning than do nine per minute. 
ee eee from the model are 
ind ti reported by Jones (19), who 
after a at at the beginning of practice 
Pee espe conditioning perform- 
Bea etter than during the original 
ib will zaone, Such time intervals, 
this e recalled, have previously in 
a Pisia been assumed to produce a 
Pee imulus change; stimulus change 
its inhibited responses to recur. 


5, Switzer Effect 


reer (40) reports that during the 
pe ex tinction trials following 
of con Pee ditioning, an increase in rate 
curs oy aed i evocation oc- 
i i his result is easily explainable 
ase of the regression model. Ex- 
in th n trials constitute a modification 
genetalis timulus patterns and cause a 
of the ee of the excitatory strength 
Bener TR connection. They also cause 
tom alization of the inhibition arising 
ing n the trace-response connection be- 
eral Onrewarded. Since inhibition gen- 
me zes less than excitation, an incre- 
nt in E-I is to be expected. 

gypcvland (12) has examined the 

zer effect in several different sets 
the perimental conditions. Knowing 
results obtained by Hovland it 3S 
Possible to make specific assumptions 
ci put the shape of the curves of ex- 
Sitation and inhibition so that Hov- 
mets results could be predicted. How- 
Ver, the regression model in the form 
Stated above is not applicable to an 
planation of Hoviand’s data. While 
ett be interesting to make aor 
r ements concerning the variable pa 
otters, the writer feels that this 15 
Utside the scope of the present paper. 
rticular interest in 


before the 
ent. 


6 
th These results are of pa 
eee the prediction was made b 

titer was aware of Calvin’s exper” 
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CONCLUDING REMARKS 


The preset paper has outlined a 
modification’ of Spence’s transposition 
theory in an eight-assumption model. 
The model was then shown to be rela- 
tively consonant with past research in 
the areas of instrumental learning, ver? 
bal learning, and classical conditioning. 
The writer is aware that such a dem- 
onstration can show only the possibil- 
ity that a theory may have merit. Only 
the actual use of the model for design- 
ing new experiments can tell us how 
much predictive value the model has. 
Several such predictions were attempted 
in the body of this paper. 

The writer is also aware that, despite 
his Hullian bias, the model does not fit 
neatly into Hullian theory. For ex- 
ample, Hullians have used the concept 
of work inhibition to explain such phe- 
nomena as spontaneous recovery, remi- 
niscence, and spontaneous alternation. 
The present writer has dealt with these 
phenomena without using the concept of 
work inhibition. The extent to which 
either position is “correct” in this con- 
flict (and indeed the extent to which 
there is a conflict) must await further 
research before a decision can be made. 
In general, a serious scientist must rec- 
ognize the unfortunate probability that 
no theory proposed in psychology for 
some time to come will be exempt from 
at least some modification. A slow, bit- 
by-bit alteration of previous ideas ap- 
pears to be the way in which scientific 
models of respectable predictive power 


develop. 
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OBSERVATIONAL DEFINITIONS OF EMOTION 
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"m WILSON McTEER 


Wayne 


In the theoretical discussion of the 
topic of perception, psychologists for 
generations have emphasized that the 
perceived object is a function of the 
observer’s “set to perceive.” Strangely, 
this same relationship is often over- 
looked when investigators come into 
disagreement in defining perceptual ob- 
jects in other areas of psychological 
investigation. While it is generally 
realized that in any research one in- 
vestigator can observe only a portion 
of the many potentially observable se- 
quences which are occurring, it is too 
frequently assumed that because one 
observer reports on an event of a named 
category, then another investigator un- 
der similar objective circumstances can 
and will observe the same sequence of 
events (if his interest is directed to- 
ward that same category). If the sec- 
ond investigator does not verify the 
observations of his predecessor, all too 
frequently charges and countercharges 
are exchanged. with regard to (a) the 
objective circumstances (experimental 
situation) or with regard to (b) the 
fallibility of the observer; rarely is 
there an attempt made to cross-check 
the (c) observational set of the two 
investigators. 

In general, such clashes occur with 
least frequency in those areas in which 
precise description of experimental situ- 
ation and apparatus narrows the range 
of set variability to almost zero, as in 
the study of sensation or of the condi- 
tioned reflex. On the other hand, such 
disagreements occur with regularity in 
those areas which are concerned with 
the study of human behavior in molar 
situations, that is, in those areas in 
which set variability permits a wide 


University 


range of differential selection of signifi- 
cant events out of the composite oi 
served (emotion, motivation, personal- 
ity, social adjustment, as examples). Ps 
The writer has been interested a 
some years in the controversies oe 
ing the concept of emotion. In be 
area in particular, “set to perceive a 
clearly responsible for much of the £ 
versity of factual and theoretical A 
servations. Even though P. T. You al 
in his Emotion in Man and ae 
(24) gave one of the most inclus et 
definitions of this term which has “a 
been written, he creates confusion a 
that he strives to include in a E 
observational description three salt 
damentally different perceptual rae 
points. Likewise, D. O. Hebb n aft 
article “Emotion in Man and ae 
An Analysis of the Intuitive en 
of Recognition” (11), gives a ee 
example of the manner in which o 
ferent perceptual sets produce data 
unlike utility in studying emotional nf 
havior in the chimpanzee. In this ns 
cle he reported that*in the Yale Ia 7 
oratory of Primate Biology in Florida 


- - - thoroughgoing attempt to ayoid z 
thropomorphic description in the study e 
temperament was made over a ue ie 
riod. . . . A formal experiment was oe i 
to provide records of the actual behavi0: ie 
the adult chimpanzees, and from these Tne 
ords to get an objective statement of Al 
differences from animal to animal. A 
that resulted was an almost endless serie? 
of specific acts in which no order or ees 
ing could be found. On the other hare 
by the use of frankly anthropomorphe 
concepts of emotion and attitude one coul 
quickly and easily describe the peculiarities 
of the individual animals (11, p. 88). 
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pe type of description, he as- 
ai urther, provided “an intelligible 
Wie l gide to behavior” of the 
RA i animals which was not found 

tact ane a of the separate acts. 
jhe e erably earlier, in the contrast- 
(16) ade presented by Landis 
Vee Bard (1) in Murchison’s The 
dey oe of Experimental Psychol- 
fevin 9), it was evident that dif- 
lic sets were producing 
essari]; en unlike data (yet inot nec 
oG rf Conflicting, and all quite prop- 
e sa under the same general 
of data pon Later, this disparity 
ines €d to the series of articles by 
(19) (6), Dunlap (10), Meyer 
Bre ie Duffy (8, 9) with the com- 
ber = that the term emotion no 
a had any proper use within the 

e of scientific psychology. 


Ir 


onal viewpoints in the study of emotion. In the above 
esent the extent of the effective stimulating environ- 
m at any moment of observational study (obviously 
f previous moments is not shown). The organism 
the small circle within the larger one. The dominant 
t which is the focus of the organism’s emotional attack or 

A second small circle with an arrow attached indicates 


Fig, 1 7 i pservatil 
ae trating ODS! 
Schema illus' tended to repr 


diagr, is i 
ams thi ircle is in = 
n e large c tional organis 


the cumulative effect of the stimulate 
ich is being observed is indicated PY 
aSpect of the immediate environmen 
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Nevertheless, it is the contention of 
this paper?that much of the seeming 
confusion fand controversy concerning 
the concept of emotion would be re- 
moved if the differing perceptual sets 
of the contributors were recognized. 

If the logic of the following schematic 
analysis is adopted, there are only three 
fundamentally different points of view 
which are available for use in the 
observation of emotional phenomena. 
However, the simplicity of this analysis 
is reduced when it is recognized that 
within the frame of each of these points 
of view there are possible significantly 
different perceptual sets and, within 
each of these sets, multiple levels of 
description (microscopic to macro- 
scopic) may further complicate the 


observational report. 
These three fundamental points of 


wit ; : ; 
hdrawal is represented by an he direction of his observation. 


Oth the reporting observer and t 
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view are presented in thé accompany- 
ing diagrams. They may bv identified 
as: I. Introspection; II. Ob:ective Ob- 
servation; and III. Participant Obser- 
vation. They are to be distinguished 
one from the other in terms of the re- 
lationship of the observer to that which 
is ‘being observed. 


INTROSPECTIVE OBSERVATION 


In Diagram I is presented the point 
of view of the introspective observer. 
Here, the emotional organism and the 
observer are the same individual, and, 
as a result, this position is subject to 
all of the limitations that arise from 
any attempt to carry on two highly con- 
scious activities at the same time. This 
introspective approach was the method 
used by the earlier writers who were 
criticized by William James (14) in 
his famous Chapter on Emotion and 
it is likewise the point of view which 
was used by William James himself. 
James differed from the earlier writers 
only in that his perceptual set was di- 
rected toward the observation of or- 
ganic and sensory changes rather than 
toward the vaguer feelings and mental 
reactions of his predecessors. Lange 
(15) differed from James in that, with 
his medical background, he was set to 
observe changes of the capillary blood 
vessels as being the significant phe- 
nomena. Dewey’s (7) contemporary 
alternate hypothesis indicated a per- 
ceptual set to observe emotion in rela- 
tion to ongoing personal activities rather 
than in relation to internal physiological 
changes. 


OBJECTIVE OBSERVATION 


In Diagram II is presented the point 
of view of the objective observer who 
keeps himself outside of the stimulating 
environment affecting the emotional or. 
ganism. The Gesell observation dome, 
or the more recent technique using the 
one-way visual screen to hide the ob- 
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server, typifies close-range objective ob- 
servation of this nature. Telescopic 
viewing, examination of motion picture 
or other graphic time records, or the 
reviewing of protocol or diary accounts, 
permits a similar objectivity at a greater 
distance (either spatial or temporal). 

Historically, it may be indicated that 
this objective Position was the unwit- 
ting point of view taken by Sherrington 
(22) and Cannon (2) in their early re- 
search inspired by the James-Lange 
theory of emotion. Where James had 
appealed to introspective observation, 
Sherrington and Cannon resorted to op- 
erative experiments with animals. Con- 
sequently, their observations on emotion 
were of necessity objective, even though 
the frame of original reference had been 
introspective, 

Regrettably, even this objective point 
of view permits significant variations iD 
perceptual set in observing emotional 
sequences. Many investigators have 
focused chiefly upon the physiological 
changes evoked by experimental envi- 
ronments which were presumed to be 
uniform (that is, uniformity of the eX 
ternal situation was stressed, while little 
or no consideration was given to the 
varied life history backgrounds which 
the Ss brought with them to the ex- 
perimental situation), Cannon’s (3) 
later experiments typify this physio- 
logical perceptual set. Other investi- 
gators have focused more upon the uni- 
formities and variations of facial an 
gestural expression when members 0 
the same species were exposed to sup- 
Posedly uniform emotional stimulations, 
as did Landis (16) in his classical study 
of human facial expressions. Yet oth- 
ers, perhaps not identified as psycholo- 
gists, have investigated the temporal 
antecedents or causes in the life en- 
vironment which have led to similar 
emotional consequences in certain life 
situations. Injury-accident prevention 
studies in factories, traffic accident rec- 
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= P analyses in our city and state 
heb and the sickness-death 
Eie A studies by insurance com- 
Ejer fall within the pattern of 
Ress R y proposed here; and all have 
Pee toward the reduction of 
Ren y emotional events in the life 
a ce of many citizens. 
thesis femme outgrowth of an em- 
serving pon extreme objectivity in ob- 
dene Pig aa phenomena was: the 
of the = the behaviorist Weiss (23) 
Rie acant existence of emotional 
ing and na, since the concepts of feel- 
origin in emotion had their reference 
introspection. 


gme 

Fi 
Boae Schema illustrating empathy, 
gram po identification. In the above 
the observer is focusing his observa 


Upon “h 4 
` OV :, 
situation» would I feel if I were M 


or 
dia- 
tions 
that 


Diagram ITE represents the percep- 
jective iden- 


= Set of empathy or pro) 
cation. This is the perspective of 
e observer who states, “I know just 
Ow the subject feels, for if I were in 
Whee I would feel thus-ant -so 
hile this point of view is considered 
ized in 


Unscientific, it must be recognize”. 
rded against 


Order that it may be gua g 
2Y the observer who, would be consistent 
in the position described in Diagram 1. 

Even though empathy is not a valid 
Position for scientifc observation, 1 
a viewpoint which must be understood 
in terms of its significance to most, lay- 
Men. Much discussion of emotional 


175 


events by ngnpsychologists (as well as 
by some paychologists) is carried on in 
the frameork of this position. Like- 
wise, this ‘is the attitude which is most 
satisfactory when the scientist or the 
n is attending a movie or play, or 


layma! 
e is reading stories or novels “for 
a 


when h 
relaxation”! 


PARTICIPANT OBSERVATION 


presents the third point 
pant observation (13). 
In much of the research on emotion, 
this face-to-face observational position 
has not been differentiated satisfac- 
torily from the two previously consid- 
ered viewpoints. Yet, a brief study of 
the three diagrams should make it evi- 
dent that this point of view, in terms 
of human interaction, is significantly 
different. Here the observer is a part 
of the stimulating environment of the 
emotional organism. In some instances, 
the observer and the X (object 
of emotional attitude) become identical 
for the emotional organism. The ac- 
tivities of the observer serve to enhance 
or reduce the intensity of the emotional 
behavior sequence in S. Likewise, there 
is the possibility that the observer him- 
self may be provoked into emotional 


Diagram II 
of view: partici 


even, 


responses! 
Psychologists are frequently ap- 
proached by laymen requesting ad- 


vice as to the means available for 
controlling the emotional behavior of 
others in such face-to-face situations. 
The layman as a parent may be con- 
cerned with the emotional outbursts of 
his children; as a husband he may be 
concerned with the emotional exchanges 
between himself and his wife; or as a 
teacher, policeman, or minister he may 
be seeking help in the person-to-person 
emotional encounters which are an in- 
evitable part of the role he is playing 
in the social order. As a scientist, the 
ees has little professional in- 
ormation to offer in these situations, 
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although research on techniques of ther- 
apy (directive vs. nondirestive, etc.) 
may provide tested informat\on for the 


sonal recollections, his common sense, 
his clinical experience, or upon his mem- 
ory of similar Situations as portrayed 
on the stage or in novels to offer con- 


5 en given 
to this type of face-to-face observa- 
tional situation, Moreno’s (20) “role- 


S unusual test 


an assessment Project 
differs from this third o 


position only in that i 
purposes other than the direct study 
of emotional behaviors, 

Regrettably, man 
ments which were 
tention of comple 
nevertheless inadvertent] 


III position of face-to 
tion. This slip may have been per- 
mitted because the experimenter con- 
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sidered it essential that he manip 
apparatus in coordination with agh 
more simply that he be at close E 
range to observe S’s responses. plished 
years ago the present writer pu tudy 
a report (18) of an experimental s ten? 
of the effects upon “other hand aes 
sion of electric shock a oe a i 
companying star tracing. nae as 
reported of considerable tensio bber 
measured by pressure upon a H te 
bulb. A year later an advance data 
dent was urged to collect more ame 
on the same problem with the rhe 
equipment in the same location. Fi 
student found little or no evidenc ub- 
tension. When the data of the A 
lished study were compared in only 
with the writer’s earlier study, the zie 
Significant variant was that in the ctor 
lier experiment the writer as ns 
used students from his own etiel 
(with repeated assurance that par ine 
pation, though required, had no penile 
upon the S’s grade in the class), ent 
in the later experiment the eer 
was easily identified as “only a have 
advanced student” who could z in- 
no influence upon the gradeigivi na ni 
structor. Thus the tension ee ioe 
in the published study was a tion- 
tion of the student-instructor rela a 
ship in this face-to-face aap ag 
Situation rather than of the elec 
shock. s 

Experiments upon behavioral P 
nomena other than the emotional is 
Probably also susceptible to this es 
face influence, particularly when P wn 
tige of the experimenter may be kno ô 
to the S. A considerable number der 
check experiments would be in mene 
to ascertain predictable distinctions 
tween situations II and IIT, 


LEVELS or DESCRIPTION 


In addition to the discrepancies which 
arise as a result of these differing 0b- 
servational viewpoints, there is, as men- 
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tioned earlier, a second basis of appar- 


- €nt divergence in the research studies 


on emotion which may be attributed to 
ne levels of magnification or to un- 
es evels of description. Such differ- 
f S in level may occur even when the 
undamental point of view is identical 
from observer to observer. 

Although the significance of the con- 
Sa of levels of description is widely 
ecognized in areas of practical meas- 
urement, it seems to have been fre- 
quently overlooked in the approach to 
Psychological problems. Certainly it 
ie been used rarely, if ever, in the 
R ucturing of interrelationships in the 
eld of emotion. 
E clarifying illustration of varying 
the S of description may be found in 
i English metric system for measur- 
ng length, Units are used, which vary 
ton inches, to feet, to yards, to rods, 
ste Yet each of these units con- 

itutes a level of description most ap- 
Propriate to certain measurement ac- 
Wities. With small objects, such as 
tae envelopes, knives, etc., the inch 
~ the convenient unit; with larger ob- 
Jects, such as lumber for building; 
automobiles, and furniture, the foot 1s 
€ preferred unit; but still longer ob- 
J€cts, such as a strip of cloth or a length 
Of rope, will be dealt with in yards. 

Orter distances in geographical space, 
Such as the length of a field or a farm, 
are expressed in rods; while greater dis- 
tances, such as those between town an 
own, or city and city, are expressed in 
Miles, 

A second example, tha 
economic exchange, reflec 
Cal acceptance of differing les 
illustrates how calibration is si 
Y use of the decimal system. 
Coins: cent, nickel, dime, quarter, 
half dollar, are each appropriate to cer- 
tain exchange activities, while our paper 
Currency permits exchanges at various 
levels of higher descriptive value. Con- 


t of money in 
ts our practi- 
levels but 
mplified 
Our 
and 
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ceptually, insaffairs of government, the 
million an?’ billion become the conven- 
ient descriptive unit. In this context 
it is appropriate to point out that a 
person habituated to values at one level 
may be incapable of adequate value 
judgments at another level, as expressed 
in the folk saying, “Penny wise, pound 
foolish.” It is likely, though perhaps 
difficult to demonstrate, that such pre- 
ferred levels of descriptive observation 
peculiar to the person may be present 
in other areas of measurement as, for 
instance, in the study of emotion. 

Further citation of such examples 
d be given in many other areas of 
practical human manipulation of en- 
vironment. One further significant re- 
lation, however, must be indicated be- 
fore we return more specifically to 
emotion. While we have chosen to 
review this descriptive level concept 
with hierarchies in which the units of 
the various levels are now calibrated 
in terms of each other (i.e, twelve 
inches to the foot), this has not always 
been true. Irwin (12) in a recent arti- 
cle in the Scientific Monthly pointed 
out that the units of the English system 
of measurement arose out of independ- 
ent manipulative activities in different 
segments of the population, and were 
not defined in reference to each other 
until more general usage made their 
calibration necessary. 

Returning now to the conceptual 
framework of emotion, we find our- 
selves in a position in which the ob- 
server (in the objective or the partici- 
pant points of view) is endeavoring to 
use immediately experienced behavioral 
cues, such as gesture, facial expression, 
tone of voice and language, as well as 
situational relationships as indicators 
of emotional attitudes and as predic- 
tors of probable direction of ensuing 
motivational behavior. In certain situ- 
ations, as with money in economic ex- 
change, there are probably available a 


coul 
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succession of appropriate “levels of de- 
scription. For brevity in "Hustration, 
only the two extremes of Microscopic 
and macroscopic observation are pre- 
sented here. 


Microscopic LEVEL OF APPROACH 


If investigating at this level, the ob- 
server directs his attention toward mi- 
nutiae, such as the individual contrac- 
tions of the 46 or more muscles of facial 
expression, as did Landis (16) in the 
analysis of one of his photographic re- 
search studies; or, the observer tries 
to record successive specific acts as did 
Hebb’s (11) associates at the Yerkes 
laboratory. In either instance, the ob- 
server of emotional events usually finds 
himself in the position of the man who 
would measure the distance between 
cities with the inch as a unit; that 
is, the complexity of details make the 
measurements difficult to comprehend 


unless translated into a higher-level 
unit. 


Macroscopic LEVEL or APPROACH 


While the Zeitgeist of our scientific 
era has tended to make description on 
the macroscopic level appear to be com- 
mon sense and therefore implicitly un- 
Scientific, still there is need for accurate 
predictive descriptions at this level, par- 
ticularly for those who work with other 
humans in face-to-face relationships. It 
is essential that we anticipate and pre- 
dict “the other fellow’s next move” 
whether it be in poker, family argu- 
ment, bargaining for a contract, or in 
phrasing a political agreement. Rarely 
does the “other fellow” submit to the 
use of a polygraph to help us ascertain 
his emotional uncertainties. Accord- 
ingly, most of us find it necessary to 
rely on the macroscopic concepts of 
emotion in such situations. Such con- 
cepts of emotion indicate varying de- 
grees of uncertainty and disorganiza- 
tion which may be interpreted to our 
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advantage—although, conversely, these 
may carry the threat of explosive dis- 
ruption if pushed too far. Hence, it 
behooves us to go further than just 
detecting the emotion: we must iden- 
tify its nature and predict its course. 
Carr (4, p. 280), in his Psychology, 
summarized this macroscopic use of 
the concept: “Anger is correlated with 
an aggressive attack against obstacles, 
while fear is associated with the oppo- 
site type of behavior.” Love, as a simi- 
lar term, is predictive in a situational 
reference; that is, mother love implies 
emotional protection of offspring; Sex- 
ual love suggests amorous approach to- 
ward the loved person; while brotherly 
love suggests support and defense of the 
sibling on other than rational grounds, 
and the like. Anxiety suggests disrup- 
tion of most coordinated life habits wy 
a noticeable degree; terror or panic 
obviously implies wild irrational be- 
haviors in escaping some real or fancié 
threat. This catalog could be carrie 
on at length, although with less agree 
ment as to predictive implication when 
extended to synonyms and to more in- 
frequently used terms. i 
Hebb’s study (11), particularly ™ 
his finding that the frankly anthrop? 
morphic concepts proved to have more 
predictable use, supports our contention 
that most of us in our living huma” 
face-to-face environments have devel- 
oped higher-order concepts for use W 
identifying and in predicting emotion@ 
behaviors, However, an overview ° 
the research on the interpretation ° 
facial expression, hand gesture, a” 
body posture in relation to emotio? 
would seem to indicate that as in the 
earlier era of independent measures 0 
length we have not yet succeeded 1” 
calibrating our units from higher levels 
to the lower ones. Application of the 
concepts of levels of Magnification an 
of levels of description in this context 
should help greatly in reconciling many 
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_ interpretations of the re- 
tch data published under the topic 
of emotion. 


SUMMARY 


Peat an poe in this paper that in 
ote y of emotion, human perceptual 
es ions restrict the extent and the 
tis de., of observations which may be 
this at any time. It is suggested that 
all [ties ae limitation extends as 
chology, er molar concepts in psy- 
“se further proposed that much of 
a i nag conflict in this area could 
Tiam Aa if the significant points of 
cen defined, and if the levels of 
ae tiption within each of these points 
mcd were specified. 
can ® Suggested that the most signif- 
Becks different points of view may be 
denn as the (a) introspective, (b) 
AEko and (c) participant. The 
ties rig point of view occasionally car- 
tite he risk of being confused by the 
E aie of projective identification. 
has be three, the third (participant) 
ae een differentiated with least clar- 
oi in the research literature on emo- 
lon, 
It is indicated that several levels of 


escription are available within eac 
ontrasting 


It is sug- 
not ade- 


e portray the wh 
U the various levels © 
and description can be so calibrated 
at a given set of observations may 
e either integrated into higher units 
Or differentiated into the units of a 
Ower level. 
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O INCORRECTLY PERCEIVED TACHISTOSCOPIC STIMULI 
CONVEY SOME INFORMATION? 


PETER D. BRICKER 
The Johns Hopki 


aot bea experiment on “subcep- 
that ta i and McCleary concluded 
Operate Process of discrimination can 
a pagr to conscious recognition 
of the e absence of the possibility 
Were “con e process with which they 
ination cerned was autonomic discrim- 
first Dome visual stimuli. They 
5 Sof ee a conditioned GSR 
Ansons 0 tachistoscopically, presented 
electri e syllables by pairing them with 
ic shock, and then measured the 

the ao subsequent presentations of 
ost amli without shock. For only 
identify. imuli which subjects failed to 
avera y in a single verbal report, the 
was a GSR following shock syllables 
age eee greater than the aver- 
he ae following nonshock syllables. 
Fig. p of their results appears 1 
ee the Lazarus-McCleary experi- 
Bore os undertaken to provide sup- 
ai or a number of recent articles 
On ing to do with the influence of need 
po ption, their discussion of the 
em is oriented in this direction. 

e have no quarrel with their proce- 
for a and data, but we regard as un- 
ortunate the implication that they have 
(’Scovered evidence for some sort of 
io Reonscious determination of behav; 
a (3, p. 121) operating when “recog- 


nition , |. js impossible” (3, P: 114). 
e prefer to interpret these data as 
ore obvious 


Suggestive of a rather m 

Principle which is important for many 

Psychological experiments: Even when 

an §’s first verbal response to 4 stimu- 

Us is wrong, the stimulus may still have 

Conveyed useful information to him. 
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If this is so, it should be possible to 
demonstrate this transfer of informa- 
tion by some sort of verbal response 
in the absence of shocks, needs, or other 
strong emotional provocation. 


STATEMENT OF THE PROBLEM 


The study reported here is an at- 
to answer this question: Is it 
e to show by some kind of verbal 
timulus has conveyed 
useful information, even when the stim- 
ulus has been incorrectly identified on 
the first trial? As our verbal response, 
we have used the number of additional 
guesses, following the initial wrong re- 
sponse, necessary to name the stimulus 
correctly. If an S needs fewer addi- 
tional guesses than are to be expected 
by chance, we may infer that the like- 
lihood of a correct response has been 
increased by the stimulus, i.e., that the 
stimulus has conveyed some informa- 
tion. A secondary aim of this study is 
to get some insight into the factors 
which operate to determine the S’s ver- 
bal behavior in a guessing task such as 


this. 


tempt 
possibl 
response that a s$ 


METHOD 


Subjects 
Ten male undergraduates served as S: 
S. 
None had had more than an elementary 


course in psychology. 


Apparatus 

The S sat seven feet from a milk-glass 
screen on which the stimuli were projected 
from a tachistoscope. A between-lens shut- 
ter and a variac in the bulb circuit of the 
tachistoscope permitted variations in both 
exposure speed and intensity. The stimulus 
words were five-letter double nonsense syl- 
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30 


25 


RESPONSE 


IN MICROMHOS x 10 


20 


MEAN GS.R. 


10 
RESPONSE 
CATEGORY 


RESPONSE N 83 


STIMULUS 
CATEGORY 


140 227 


Fic. 1. Grouped data from the study b 
bars indicate the average size of the GSR 
and response. The Response Category lal 
indicates that the response was wrong, R 
one of the syllables which had previously 

ean. 
or all wrong responses following each type 
average for the two striped bars in its stimul 


) were known only to 
E. Both groups of stimuli are shown in 
Table 1. The S was Provided with eight 
cards, on each of which was a different 
random arrangement of the same eight 
List stimuli. 


Procedure 


Preliminary series. The S was told that 
he was taking part in an experiment on 


SHOCK SYLLABLE 


y Lazarus and McCleary (3). The heights of 
over nine Ss for each of the classifications of P p 
bels may be interpreted with the following on 
that it was right; S indicates that the reno hol 

been associated with shock, N that it was a nor R's 
3 and M denotes the arithmetic m Thus, the bars labeled MW are the mean 


of stimulus syllable. Each MW bar is also 
us category, 
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MEAN OF ALL 
SUBJECTS 


CONDITIONED 
RESPONSE 


RESPONSE 
EFFECT 


115 


213 122 


NON-SHOCK SYLLABLE 
—_——_ 


the 
Jus 


was 


the 


er 
the training of perception, and was ae 
informed of the Nonlist stimuli. te 
also told to respond after each expo ulus 
even if he had no idea what the sumh To 
was. During the preliminary genien y 
List stimuli were presented in ran 
order, and S was allowed one gaess, as 
each stimulus. The S used his cat the 
guides in making his responses, patem the 
card he had just used on the bottom 0 e 
pack after each guess. This was 2, P 
cautionary measure to prevent the S’S o 
tablishing order preferences in the use jes 
the syllables. As the preliminary 5e% 
progressed, E adjusted the shutter spe? 
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TABLE 1 
List AnD Nonuist Stimutus Worps* 
SS ee eee 
pee Stil: | Nonlist Stimuli 
* GOKEM 
TAROP Meer 
LATUK RUNIL 
SIUD VECYD 
UW YUZ 
FEXAD ey 
MYZEG 
CEFIJ 


ee o a 


* The Li 
e ý 
abo List stimulus words are those the subject knew 
eaters guess. Subjects were not aware 
u 
e experimental ee words were also shown during 


half oe setting until S consistently got 
Speed ess of the stimuli correct. The 
Way ee illumination arrived at in this 
Were used throughout the experimental 
come D session also allowed S to be- 
achieve iat with the stimuli and to 
in as an asymptotic level of proficiency 
Ognizing them. 
Hod eee After a five-minute rest pe- 
entati e experimental series of 120 pres- 
stimgo"® was begun. In this series, the 13 
with h were arranged in random order, 
appe € restriction that each List stimulus 
‘PPeared ten times and each Nonlist stimu- 
whi eight times, One further restriction, 
Te will be explained later, was that each 
ect stimulus was designated as the cor- 
onl; response for each Nonlist stimulus 
a once. The Æ informed S that he must 
Se P guessing after each stimulus, without 
eing it again, until Æ said “right.” The 
chee used his cards as guides, and 
Hee Sed cards only after completing a se- 
€S of responses to one stimulus. The S 
vi Ste down each guess as he reported it 
erbally to Æ so that he would not repeat 
ay guess which was wrong. The E said 
Wrong” or “right” after each guess. 
Nonlist stimuli were included in the ex- 
Petimental series in order to obtain par 
a S a distribution of the number of a 
itional guesses needed to identify the 
ist words when they were not presentei 
d him as stimuli. Since perceptual condi- 
lons were difficult, it was safe to assume, 
aS later questioning of the Ss proved, that 
e S would not discover that stimuli other 
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than those on ‘his cards were being pre- 
sented. Hene when a Nonlist stimulus 
was presented, the S began making guesses 
from his groŭp of eight List stimuli. For 
each presentation of a Nonlist stimulus, a 
List word was selected arbitrarily, within 
the limits described in the preceding para- 
graph, as the correct response. Thus all, 
conditions which pertained when S was try- 
ing to identify a relevant stimulus were the 
same, except that the stimulus could not 
contain any useful information. This pro- 
cedure is effectively the same as asking 
the S to make 40 series of guesses at the 
List word of which Æ is thinking, when Æ 
thinks of each of the eight words at ran- 
dom five times during the sequence of 40 
trials. 
RESULTS 

List vs. Nonlist stimuli, In answer- 
primary question, we worked 
only with those stimuli to which the 
initial response was Wrong. The mean 
number of additional guesses necessary 
to make the correct response after (a) 
List stimuli and (b) Nonlist stimuli 
were computed for each S (see Fig. 2). 
The difference between these means 
was computed for each S and entered 
into a distribution of differences. The 
mean number of additional guesses for 
List stimuli for all Ss is shown in Fig. 2 
as a solid line, and that for Nonlist 
stimuli is shown as a dotted line. Since 
the probability that the mean difference 
of .63 occurred by chance is less than 
001, we conclude that significantly 
fewer additional guesses were needed 
to identify incorrectly-perceived stimuli 
than to guess names for stimuli when 
the names had no meaningful connec- 
tion with the stimuli. In other words, 
the List stimuli conveyed some useful 
information to S, i.e., increased the 
likelihood of his making a correct ver- 
bal response. 

To determine whether the guessing 
behavior following Nonlist stimuli was 
different from chance, we made use of 
all 40 guesses made by each S after the 
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MOMMA 


N 


AAY 


MEAN NUMBER OF ADDITIONAL GUESSES 
NII 


AUNT 
ANU 


d 


SUBJECT LH 
% CORRECT 15 22 26 35 


Fic. 2. Results of the test series for 10 Ss, 


v 
w 
D 
n 
v 
= 


tional guesses needed to identify List stimuli a 
show the mean number of additional guesses ne 
The solid horizontal line is the mean 


the striped bars, 


Nonlist stimuli. The mean number of 
guesses necessary to make the correct 
response following Nonlist stimuli was 
4.58, while the mean to be expected by 
chance was 4.50.1 The difference be- 
tween the mean and the chance value 


he various Ss were able to identify 
52 per cent of the 


1The apparent discrepanc b i 
statement and the data of Fig. 2 Wey na 
solved by noting that Fig, 2 shows the mean 
number of additional guesses following initi- 
ally wrong responses, 


EEE LIST STIMULI 
EZA NON-LIST STIMULI 


= AT 


ou 
to) 


The black bars show the mean number of add! 
ter an initial, wrong response; the stripe 
eded to make the correct response after A 
of the black bars; the dashed line the mean 
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for each S is not related in any obviot i 
way to the percentage of List sti” 
which he was able to identify correc 
on the first response. of 

Word preferences. The number 
times each word was used as 2 te 
response was compared with ene 
frequencies for each S. This was ne, 
first for responses to List stimuli alo e5. 
and then for all 120 first respons f 
The combined chi squares for bot ca 
these conditions were significant bey’ p 
the .001 level, indicating that SS ods 
spond more frequently with some WO re 
than with others. When the words Sh 
ranked for each S according to pref? s 
ence, however, the average intercorrel?; 
tion by ranks among Ss is only 0.23 ks 
This means that there was little cO” 

2 The average rank intercorrelation was com 
puted by the technique derived by Peters 2 
Van Voorhis (5, pp. 200-201), 
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sistency among Ss as to which words 
Were preferred or nonpreferred. How- 
ae the preference rankings of two 
a words were quite consistent 
rank subject to subject. LATUK was 
10 r first or second by 9 out of the 
sup a third by the remaining one. 
este on the other hand, was the 
Ss ‘t-preferred first response. For six 
she tanked seventh or eighth, and its 

her ranks were 6, 5, 3, and 2. It is 
duite possible that LATUK occurred 
More frequently as a first response 
Salad because it was more easily rec- 
a than other words by most of 

e Ss, 
ti Word-sequence preferences. Tabula- 

Ons of first-order dependencies in se- 
‘ee of two or more responses to 
en Stimulus indicate preferences for 
ou amn sequences of words. Although 
an data are too few for many detailed 

Mparisons, there are many instances in 
jcn words with similar elements (let- 

) follow each other. The data for 
one S, for example, show that the two 
Permutations of SIJUD and FEXAD 
account for 44 per cent of the instances 
™ which either is followed by another 
Word. Another S said GOKEM more 
than half the time after MYZEG and 

EZUW, while 80 per cent of the re- 
SPonses following GOKEM were one of 

€ latter two words. Still another fol- 
Owed LATUK with TAROP 40 pet 
Cent of the time. CEFIJ and SIJUD 
Seem to occur in pairs for many of ie 
S. Some of the similarities which a 
Not seem obvious when viewing con 3 
tions are normal might be clearer i v 

new what elements of the words 5 z a 
Out under difficult tachistoscopic © 
tions. 

Word legibility. 
tations suggest that there 
M ease of recognition 
the words, and that 
tion of the words in 
Varies from S to S- 


dditional compu- 
A are differences 
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ever, too few Tesponses per word to de- 
termine the’ relative accuracy of the 
words or to, correlate word preference 
with accuracy within Ss. 


Discussion 


Our results agree with the findings of 
Lazarus and McCleary (3) in providing 
an affirmative answer to the question 
posed in this paper: Even when S gives 
an incorrect verbal response to a stim- 
ulus, the stimulus may still have con- 
veyed some useful information.- Laz- 
arus and McCleary demonstrated this 
by a conditioning technique. We have 
shown the same thing by using ver- 
bal responses. Following an initial 
wrong response, the number of addi- 
tional guesses necessary to name the 
stimulus correctly is fewer than would 

expected by chance. 
eie aA and McCleary, how- 
ever, we look for more ordinary inter- 
pretations of our results. We believe 
that in any situation where perceptual 
conditions are difficult, S may receive 
meaningful cues from the stimuli and 
still make wrong verbal responses. The 
cues have the effect of narrowing the 
possible responses to a few, or of estab- 
lishing for S a class or group of stimuli 
of which he is certain that the stimulus 
just presented was, or was not, a mem- 
ber. For a good illustration of how 
this happens in a perceptual situation 
somewhat different from ours see Craik 
and Vernon (1). ‘There remains the 
question: What are some of the factors 
that influence the S’s verbal response in 
a guessing task such as this? 

f The work of a number of Es makes 
it clear that there are many determi- 
nants of the response in a psychophysi- 
cal judgment. The sensory threshold 
is probably the most important factor, 
but there are others which have pro- 
nounced effects. Preston, for example, 
showed that Ss tend not to repeat the 
judgment just previously made (6). In 
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addition he (see also Scaafer [7]) re- 
ports pronounced contrast effects in 
successive judgments. The probability 
is better than .5 that a near-threshold 
stimulus will be reported as not sensed 
if it follows a stimulus which was 
clearly above threshold. Subjective 
preferences for numbers and sequences 
of numbers have been found by Yule 
(9) and Chapanis.? And so on. 

In this experiment there are several 
important factors that seem to have 
partially determined the subject’s ver- 
bal response. These are: 

1. Word legibility. This point is so 
obvious as scarcely to require comment. 
Some words are more legible than others 
under any given set of exposure condi- 
tions. Note, however, that this factor 
can operate in a negative, as well as a 
positive way. When a stimulus has 
been seen indistinctly, the S may tend 
to avoid using the names of words 
which are highly legible. 

2. Letter legibility. Even more im- 
portant for this experiment is the fac- 
tor of letter legibility. Some letters are 
more legible than others under any 
given set of exposure conditions, (See, 
for example, Tinker [8].) In this 
study introspective evidence strongly 
supports the importance of this factor, 
as do the data on word-sequence pref- 
erences, If only the letter J was seen 
clearly—as sometimes happened during 
a trial series of exposures for the jun- 
ior author—the S first guessed either 
SIJUD or CEFIJ, and, if that response 
was wrong, followed it with the other 
alternative. Sometimes it was possible 
to see rather distinctly that the second 
letter was an A—thus reducing the 
range of possible choices to only two. 

3. Word preferences. Over and 
above the factors of word or letter legi- 
bility, there is some evidence that, in 
the absence of other cues, Ss consist- 


8 Chapanis, A. Unpublished data, 
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re- 


ently preferred to use some words vided 


sponses and rather consistently avo! 
others. t 
4. Word-sequence Pr EJET ance pe 
only are certain words prei a 
others, but there is good ganm se 
Ss tend to use words in cera a 
quences. We have shown pe e 
that many of these sequences are ences 
depend not upon subjective pre a com 
but upon elements common to th h se 
ponent words. Whether all male o 
quential preferences are the res anno 
common recognizable elements Many 
be determined from our data. pairs 
similar elements are evident in FU 
such as SIJUD and FEXAD, p and 
and SIJUD, LATUK and TAR a only 
so on, but with our data we n rences 
point to these sequence pre T y re 
without explaining them. We E syl- 
call, however, that even nonsen d 
lables have some associative Talea m 
that in his investigation of the Good- 
radio experiments in telepathy refer- 
fellow (2) found very striking Ping 
ences for certain sequences of me 
ful, but unrelated, words. ors 
Now for the question: Can pe 
like these account for the enert en ? 
in the Lazarus-McCleary exper cleat 
We think so. In the Lazarus-McCl™ 7, 
data (see Fig. 1) mean GSR’s pri 
for four classes of wrong re afte! 
The largest average GSR acoum de as 
shock stimuli which the Ss identi pad 
other shock stimuli, i.e the $S rec 
placed the shock stimuli in the CO oc’ 
class. The smallest average GS pich 
curred following nonshock stimuli W3, =, 
the Ss identified as other nonshock 5 
uli. Intermediate and nearly e 
mean GSR’s were found after S ock 
stimuli which the S called nonshoct 
words, and vice versa. In this con? 
tion, note too that the average respo” 
effect is almost as large as the avel#! 
“subception” effect. This means aa 
the size of the GSR is largely, DY 
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not entirely, dependent on whether S 
thought (as evidenced by his first ver- 
bal response) that the stimulus was a 
shock word, or nonshock word. 

Now let us make some hypotheses 
eon what the Ss might have been 
oing in the Lazarus-McCleary experi- 
meng, Suppose, for example, that we 
ad conditioned SIJUD and CEFIJ to 
shock and had used FEXAD, LATUK, 
= TAROP as nonshock syllables. 
uppose further that a word is pre- 
teated and that the S manages only 
S recognize an A somewhere in the 
ord. We would expect his verbal re- 
Sponse to be either LATUK, TAROP, 
= FEXAD, but in any case we would 
oe a small GSR, because none of 
S e plausible responses is a shock word. 
Uppose, on the other hand, that S 
recognized, or thought he recognized, 
oly an IJ somewhere in the word. 
5 is verbal response will be either 
TJUD or CEFIJ, but right or wrong, 
We would expect a large GSR because 
the only plausible responses are shock 
Words,4 

Finally, suppose that SIJUD is Pre 
sented and S recognizes only the final D. 
he plausible responses are FEXAD, 
Which is wrong, and a nonshock word, 
or SIJUD, which is correct and a shock 
word. In this instance the first verbal 
response js misleading because the 
May be perfectly aware that the stimu- 
us may have been either 4 shock or 
Nonshock word. Thus, we would expect 
the GSR to be moderately large becats 
the plausible responses include both 4 
shock and nonshock word and, so far as 


S is concerned, it could be roe si 5 
Other, If S gives the wrong verba Mia 


Spo; : +. entered into t! 
Ponse, his GSR 1S Simul in Fig- 


WN c hock 

ategory for shoc 

Note, however; that Seog fe 

Same kind of reasoning applies to 
4For evidence that conditioned responses 


Can be evoked by elements of complex stimuli, 
See Pavlov (4, p. 142 f.), for examp e. 


187 


GSR’s in the WS category for non- 
shock stimôli in Fig. 1. Suppose that 
FEXAD, a nonshock syllable, is pre- 
sented and’ S recognizes only the final 
D. A GSR of intermediate size would 
again be expected since the plausible 
responses still include a shock and non- 
shock word. If the S guesses wrong, 
his GSR is entered into the WS cate- 
gory for nonshock stimuli. Such cues, 
it seems to US, could account entirely 
for the relative heights of the four 
striped bars in Fig. 1 and, since the 
solid bars are averages of the striped 
ones, for the subception effect as well. 

Lazarus and McCleary point out, and 
this is also evident from Fig. 1, that 
when the Ss were wrong, they showed 
no tendency to categorize correctly. 
That is, when 4 shock syllable was pre- 
sented and S guessed wrong, he was 
not more likely to guess some other 
shock word. Similarly, when a non- 
shock word was presented and S guessed 
wrong, he was not more likely to guess 
some other nonshock word. Indeed, 
there is some evidence that the reverse 
occurred. This suggests that the Ss 
were categorizing on some basis other 
than the previous shock, or nonshock, 
association of the word. Thus, this 
observation lends further support to our 
interpretation that Ss were categorizing 
on the basis of common recognizable 
elements among the words. 

In this connection, it is important to 
point out that the Lazarus-McCleary 
syllables appear to have more com- 
mon elements than ours. They used 
YILIM, ZIFIL, JIVID, JEJIC, GA- 
HIW, GEXAX, YUVUF, ZEWUH, 
VAVUK, and VECYD. Note that 
three words have the letter I, an easily 
recognized letter, occupying the second 
and fourth positions. Two other syl- 
lables have an I in the fourth place. 
Two words each start with Y, J, G, Z, 
and V. Three words have a U in the 
fourth position, and so on. The pres- 
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ence of such a great numb“r of common 
elements among their sylldples makes 
our explanation of the data more likely. 
We strongly suspect that cues such as 
these carry the information which en- 
ables us to “subceive.” 


SUMMARY 


Ten Ss were shown nonsense syllables 
under conditions such that they could 
recognize half or less of the syllables 
correctly on the first trial. For only 
those stimuli which subjects failed to 
identify on the first trial, the mean 
number of additional guesses necessary 
to name the stimulus correctly was com- 
pared with the mean of a distribution 
of random guesses following stimuli 
which were not available to the Ss as 
responses. 

1. Significantly fewer additional 
guesses were needed to identify incor- 
rectly perceived stimuli than to make 
the correct response in a series of ran- 
dom guesses. Tests confirm the ran- 
domness of the distribution of guesses 
for stimuli about which the Ss were 
uninformed. 

2. Subjects were able t 
15 to 52 per cent of the stimuli cor- 
rectly on the first trial. The superior- 
ity of guessing incorrectly perceived 
stimuli over random guessing seems to 
hold for the entire range. 


3. Subjects exhibited preferences for 


O guess from 
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4. Certain sequences of words seemed 
to occur more often than others. Some 
of these sequences are composed of 
words which have similar elements. 
Recognition of these elements may be 
the basis for such information as is 
conveyed, and may provide the explana- 
tion for the results of recent experi- 
ments on “subception.” 
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OP ag of the present paper is 
stalan e relevance of an explicit 
logical se in contemporary psycho- 
See +h eorizing. We shall attempt to 
ules cd importance of specifying the 
ae sisi meaning and denota- 
tion a used in theory construc- 
ision ty set forth rules for the ad- 
theory Rl cis Sega as adequate for 
hick ee some of the criticisms 
ie shall make, we have chosen 
ei of unfortunate usage in mod- 
the irene aes theorizing. We do 
tion “d this device, wish to call atten- 
Rather specific theories as inadequate. 
Ve ae be that these unfortunate 
Ogical A opah ot PRU 


Part I 


JA es as a form of language. 
and ‘as eory is a system of language, 
istics he shares certain character- 
Beton all languages. The first dis- 
and oh we make is between langnage 
vetalanguage. 

om we use the word language, we 
ties Ais system of habits or activi- 
Purpo uman beings which serves the 
ordin se of communication and of co- 
ne of activities between the 
ANTEA of a group. By the wor 
al we refer to a system of 
ate s or activities which serves the 
Dose of discussing the use of the 

ide 


1 
to ace authors wish to express their gratitu 
criticize, friends and professors who so kindly 
especi: ad the first draft of this paper. We 
con, ally owe thanks to Professors Henry S. 
a and Lewis Zerby of the department 
ae ilosophy, and to Professors M. Ray 
y and Donald Johnson of the depart- 


M 
ent of psychology. 
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language. In other words, a metalan- 
guage is a language which has as its 
subject matter a language proper. 
Thus every language has two parts: 
(a) the metalanguage, which contains 
rules for the use of the language proper ; 
and (b) the language proper, which is 
used for the purpose of communication. 
The metalanguage in turn is usually 
divided into three parts: syntactics 
semantics, and pragmatics (4). 3 

The syntax of a metalanguage con- 
tains (a) an enumeration and listing 
of the signs of the theory; (b) rules 
which determine when an expression 
is significant, and when a significant 
expression is a part of the theory; (c) 
rules which determine when a given 
significant statement is a deduction 
from other statements of the theory. 
All of these tasks which belong to syn- 
tax may be accomplished without ref- 
erence to the meanings of the signs and 
expressions of the theory (13). 

The semantics of the metalanguage 
is concerned with problems of denota- 
tion, truth and falsehood, and meanings 
of the signs of the theory. The rules 
of the semantics determine what is de- 


noted by the terms of a theory, when 


a statement in a theory is true or when 


it is false s 
The pragmatics of a metatheory is 
concerned, with the way in which the 


terms of the theory are conventionally 
used. The rules of pragmatics contain 
statements which describe the uses of 
the various terms in the language (4, 
13). 

Examples of syn 
pragmatics taken from th 
guage are: (a) Syntax, 
plete sentence contains a S 


tax, semantics, and 
e English lan- 
«Eyery com- 
ubject and a 
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verb,” “An interrogative“ sentence is 
ended with a question mark”; (b) Se- 
mantics, “The word ‘mother’ is prop- 
erly used when a female person stands 
in ‘gave-birth-to’ relation to another 
person,” “The word ‘trial’ denotes a 
sequence of events in which some per- 
son is tested to determine innocence or 
guilt of some crime”; (c) Pragmatics, 
“The word ‘ocean’ is used to refer to 
a large body of salt water which covers 
a great part of the earth,” “The word 
‘sea’ is used to refer to a large body of 
salt water smaller than an ocean and 
usually surrounded by land,” “The 
word ‘lake’ is used to refer to a body 
of fresh water usually surrounded by 
land.” 

The notion of a metalanguage has its 
analogy in Psychological theory in the 
“point of view,” or the “school of 
thought,” or the “frame of reference” 
of the theorist as he approaches a 
Particular subject-matter area. These 
terms designate Particular approaches 
to the subject matter of psychology, 
€.g., Behaviorism, Purposive Behavior. 
ism, Dynamic Psychology, etc. The 
different approaches as they indicate a 
Particular semantics and a particular 
Pragmatics represent different informal 
metalanguages, which serve to control 
the use of their distinctive terminology. 

It is important to note that while 
all languages contain syntactic, seman- 
tic, and pragmatic tules, for any given 
language these tules may not be ex- 
Plicit. If these rules are not made ex- 
plicit, it is possible f 


particular theory un 
2. Conversational 


posed to theoretical language. By the 


we shall 
gar lan- 
German, 


By the term theoretical language, we 
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shall understand a particular higa 
designed specifically for the apt sa F 
making unequivocal assertions aboa 
given subject matter. In this dis 
tion we follow Carnap (4). een 
The distinctive differences ee 
conversational and theoretical he 
guages, as we would like to ei the 
terms, arise from the specificity al 
metalanguage associated with a h the 
retical language, as compared wit tn 
relative lack of specificity of the ie 
language associated with a conv 
tional language. +. ging’ 
Contemporary psychology in U inex 
conversational language with its tee 
plicit and ill-defined metalanguage isti 
ates for itself many purely ppt: 
Problems. First, in the area of t uit 
tics and Pragmatics we find am na a 
of meaning associated with par ia 
symbols. Ambiguity arises in st the 
versational language because © ‘ie 
multitude of contextually determ 
meanings a symbol may have. m one 
It is easy to slip, unnoticed, iion use 
meaning of a word to another— game 
two different expressions with ST an 
symbol in the same discourse. ] with 
example of the use of one symbo + the 
more than one meaning, conside ari 
following passages from Mowe per 
Lamoreaux (11). “But fear WE an 
tinue to be present between ge wit 
when the rat tries likewise to dea need 
this fear by leaping, nothing happs 98): 
the fear is not reduced” (11, P., r 
And again, “Since it is the sitaan is 
a whole which has become the a oñs 
tioned stimulus for the fear m a 
any response which will remove th fully 
from the situation will be power this 
reinforced by fear reduction. In sally 
way the leaping can be differenti 
strengthened and made to rise rapi 
in the rat’s hierarchy of responses 7): 
the acquired drive of fear” (11, p. 19 be 
In another place, “the intermediate C0! 
ditioned response-drive of fear.” 
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The word “fear” is used in the above 
ations with the following different 
RA (a) as a stimulus; (b) as 
aA ks with which the rat attempts 
the er 1e., something experienced by 
dive, ro as a stimulus-produced 
drive. (d) as a response-produced 
(i) as (e) as an emotional response; 
mote fis acquirable drive. Further- 
amy th is often difficult to determine 
asus A context of usage just which 
eras the many meanings is meant in 

A er instance. 
chien seem that if we are to have 
langua egree of clarity in a theoretical 
explicit it would be necessary to make 
ol the relationship between a sym- 

pe its meaning. 
iat we would like to distinguish 
Sba Ei the terms symbol and expres- 
by t Adopting a convention proposed 

wis (8, pp. 73-74): 


A Ge giie signs are verbal symbols. 
of wait, symbol is a recognizable pattern 
expres ks or of sounds used for purposes of 
marks or and communication. . . - TWO 
ogniz por two sounds, having the same rec- 
Sam able pattern, are two instances of the 
ne Symbol, not two different symbols. 
detent linguistic expression is formed oF 
wit mined by the association of a symbo! 

a fixed meaning. . . - If in two cases, 
me a is the same but the meanings 
Sion, lifferent, then there are two espre 
mi S; not one. Also, if in two cases the 

Weaning is the same but the symbols are 
i h then there are two expression” 
Syme: But if in two cases- -- 4 
mibol is the same and the meaning 18 ne 
pen then there are two instances of the 
Xpression, but only one expression: 

To be consistent with out adopted 
Usage of the relation of a symbol 5g 
its meaning we would consider tha ; 
above uses of “fear” would represen 
Six different expressio"s- The writers 


“go? d 
u sets shed tw. Sp an 
Quoted distinguishe P (e) Rowe, té 


te 
Ry,” namel an 

y (a re, 
Spectively; and sed the word “Te 


j 
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indiscriminately with the other four. 
As these examples indicate, it is im- 
perative that any theoretical language 
system should be so constructed that 
the meanings which are carried by any 
symbol should be unmistakable. The 
above examples also testify to the in- 
adequacy of the conversational lan- 
guage as & vehicle for scientific theory. 
This inadequacy of the conversational 
language as a medium for psychological 
theory lies in the fact that the rules of 
the metalanguage are not specified with 
sufficient rigor- 

Secondly, a syntactical problem con- 
cerning conversational language—the 
fact that the conversational language 
does not lend itself to deductive pro- 
cedures—results in the theorist’s at- 
tempting to make deductions on the 
basis of the meanings of expressions 
contained in the statements of the the- 
ory, instead of on the basis of the form 
of the statements contained in the the- 
ory. Fora discussion of these problems 
see Woodger (13). Owing to the fact 
that the structure of the conversational 
language precludes the possibility of 
using valid deductive procedures, the 
theorist attempts to base deductions on 
meanings which may be inferred from 
the context and which seem to be the 
same. It is this similarity of meaning 
which leads to the illusion that such 
and such statements are valid conse- 
quences of such and such other state- 
ments. It is indeed interesting that 
few of our present-day theorists publish 
their deductive arguments in any rigor- 
ous symbolic form. 


Part II 


1. Introduction. Psychological the- 
orists have tended to make distinctions 
between different types of constructs 
which might be used in developing a 
theoretical language (8, 9). The fol- 
lowing four notions have been used by 
psychological theorists as a basis for 
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differentiating between “different kinds 
of constructs: operational definition, 
reality status, surplus meaning, and 
specificity of formulation. 

We intend to analyze each of these 
notions separately and to show that 
they cannot be used as a basis for dis- 
tinguishing between different kinds of 
constructs. Finally it will be our task 
in this section to formulate a set of 
rules which will determine the charac- 
teristics of constructs as special types 
of symbols that are employed in a 
theoretical language. 

2. Operationism and meaning. We 
should like to discuss briefly two fa- 
miliar notions concerning the definition 
of constructs. These notions are the 
meaning and the significance of a con- 
struct. Any construct, if it is to be 
of use in an empirical theory, must 
have meaning and must be significant 
to the science. To have meaning it 
must be operationally defined; to be 
significant—that is to possess explana- 
tory and predictive value—it must be 
explicitly related to other constructs in 
the theory (1). These are to be con- 
sidered the minimal criteria for the ad- 
Mission of constructs. 

The meaning of a construct is the 
meaning given by the definiens of its 
definition and nothing more (3; 8, pp. 
134-135). The use of a description 
of Operations and their effects as the 
ee of constructs serves at least 
shed ent eo È 
ous denotations Sed E 

x . y, the con- 
struct is exposed to the possibility of 
experimental manipulation with the re- 
sult that the theory thus specifies what 
operations must be used and what ef- 
fects must be observed before the the- 
orist may claim that the experimental 
results are consequences of the opera- 
tion of the constructs in the situation 
Finally, the definition presents adequate 
criteria upon which to assert or deny 
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the presence of the construct for €x- 
planatory purposes. 

These three characteristics of the 0p- 
erational definition would seem to be 
absolutely essential for the admission 0 
any construct into an empirical theory: 
If the construct is to be useful in 4 
predictive sense, then it must bear €%- 
plicit relationships to other constructs 
in the theory, since the prediction a 
explanation of phenomena is the prope 
task of theory. Thus, demonstration 
of the construct by achieving certal? 
results with a given set of operation® 
does not alone constitute adequaté 
grounds for the admission of a com 
struct into an empirical theory. T as 
specification of the operations and E 
ceptable results merely define the ©° 
struct in question. š 

The present-day theoreticians 
far as Boring speaks for him—is 0” 
parently not interested in the notio 
of operationism and formalization. BO 
ing says, 


nso” 


; ra- 
The reduction of concepts to their on 


tions turned out to be dull business- 
one wants to trouble with it when kes 
is no special need. The reduction ia 
thought and study, and they take time, ore 
there may be little or no gain. A still holic 
rigorous language is furnished by SY™ es’ 
logic, but no one wants to reduce Mere 
Principles to a set of postulates and pis 
clusions after the manner of Hull 1” 
most exact moments. The opera 
technique seems to have become ae 
thing to use when the user thinks he 

get somewhere with it (2, p. 658)- 


nai > as 
We would differ with the positio” ne 
Pressed in the above quotation 12 con” 
particulars. First, the reduction © ig i8 
cepts may be dull business, but t f 
equivalent to saying that the giving n- 
exact empirical meaning to ones it 8 
cepts is dull business. Whether *” pt 
or is not a dull business, it is impo. 
that empirical concepts should hirn ed 
act empirical meaning. This is ach 


here 


tional 
E 


A 
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ies use of the operational definition. 
TA ame remarks apply with respect 
E e second and third lines of the 
Beg a There may be no special 
aa give our empirical constructs 
orai lg it is true that little may 
that il 4 y so doing—but the little 
ei e gained is the possibility of 
will be a constructing theories which 
Ee estable. Second, the fact that 
ciples Mages to reduce James’s Prin- 
not o statements in symbolic logic 
E auan against the use of 
TE TA ogic in scientific psychology. 
uei Tione interesting paradox 
tof the as psychologists look forward 
will be id when psychological theory 
yet Sa sm in mathematical terms, 
Binge a T ic logic, a more versatile lan- 
Uone a one which makes few assump- 
Ei out the data, has received little 
the fishy If we are going to express 
conkers te which must obtain between 
A fire S T a form which will allow 
We tall bh eductive methodology, then 
Bolic loci e forced to the use of sym- 

3 E in one form or another. 
PTA et. status. There has been 
day endency in the past few years 
cine ‘ocate an appeal to the reality of 
a as opposed to operational 
fia aes as a basis for their admission 
que ‘ory construction. The procedure 
« assume that the constructs are 
sheared existing structures which 
Sci eventually be described by direct 
pas imentation. . . - Because it is 
ate. that these hypothetical con- 
sic s exist, and because of the intrin- 
ers that they are assumed to 
ment, i correlations between experi- 
A al conditions and results are - °° 
file necessary correlations, as meV" 
a consequences of the functioning 
283). hypothetical constructs” (7, P- 
cal Or again, “genuine hypotheti- 
iel constructs cannot be isomorphically 

ated to a system of neural events, 


but must be & system of neural events 
< <2 (7, p°284). 

Tt is seen that the emphasis is on the 
realness, thë existence, or the genuine- 
ness of the construct. For example 
the realness of Dynamic Systems (7) 
is derivative from the assumption of 
the realness of neural events. However, 
the meaning of the theory of neural 
events is given, by the physiologist, in 
terms of operations, or by appeals to 
chemistry and physics. What is mean- 
ingful to the physicist is again depend- 
ent upon operations, but what is real to 
him depends on his particular meta- 
physics. For example, Newton began 
his Principia with Space, Time, Matter. 


These were the real things of which the 


world was composed. Other entities 
were known only in terms of these three. 
Modern quantum physics is based on 
two assumptions (as per Einstein) ; 
these are space-time (field) and mat- 
ter (5). Still other theoretical physi- 
cists have constructed other metaphysi- 
cal systems which do not mention the 
word “matter,” but which are satisfac- 
tory for the development of the con- 
cepts of the science. See especially 
Whitehead (12). 

Tt seems that what is considered real 
in one science is given meaning in a pre- 
supposed science in terms of operations, 
and presuppositions about the subject 
matters of still other sciences. In the 
final analysis, meaning is given in any 
science in terms of operational defini- 
tion—only after the theorist has arbi- 
trarily decided what are the real things 
to which he wishes to reduce his con- 
cepts. We would conclude that Hull’s 
«En (6, p. 242) is just as real as Krech’s 
Dynamic Systems. Indeed, more real— 
Hull’s sEp has been, at least in part, 0p- 
erationally defined and hence has em- 
pirical meaning. 

Individuals who distinguish types of 
constructs on the basis of reality status 
seem to forget that theories are sets of 
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communicable signs, 

definition is simply a d 
Sense meanings from o 
bols to another. 


The operational 
evice to transfer 


Phenome 
t that a theory jg to aid in 
a d explanation is 


quences” we Mean 


e 
turns on the form of thi 
and not deduction whic 
fact that two Sets of state, 

= Ment; i 
words (expressions) which ma š ben 
Strued in the Same way, 2 


4. Surplus meaning anq Sbecificity of 
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formulation. By surplus meaning we 
refer to the notion that a construct a 
have meaning beyond that stated in in 
definition or in the laws which — 
to other constructs in a theory Oe 
The notion of the surplus meaning a 
constructs arises from at least a 
Sources: first, the assumption of the ie 
ality status of constructs; second, l 
use of discussion instead of operation? 
definition as a method of assigning 
Meaning to Constructs; third, the use © 
Conversational language. al- 
€ assumption of reality status 


m set 
lows one to Postulate an unknown de 
(Yet-to-be-discovered set) of proper 


and relations as Possibly influencing a 
given set of obtained data. Forthi 
there is no way to determine which ne 
structs may be legitimately said to to 
rPerating, hence there is no way a 
make proper deduction of expected Kes 
Perimenta] results. In fact, it a 
the prediction of phenomena on the ae 
Sis of prior deduction from independe s 
fact impossible, This, of course, a 
to ad hoc explanation—which must. lus 
assumption of ene 
only form of menr 
The outcome of such | WS 
ism is apparent when one vie y 
the stagnation of psychoanalytic theory 
Toti the point of view of sentie a 
deavor, theory cannot proceed fro e 
undefined gross analysis to a precis? 
quantified science. For an opposi”è 
Point of view see Marx (10). The n3 
ture of the f he 
Tt precludes a 
that the theory will be 
€troneously—thus the sae 
Supported, regardless of © 
outcome. 

© use of discussion instead of 
Operational definition to get across wha 
IS meant þ given construct places 


Possibility 
to Predict 
1S always 
Perimenta] 


| 


n 


A More RIGOROUS THEORETICAL LANGUAGE 


tion of the construct up to the experi- 
oa who wishes to work with it. 
for t z the construct is thus correctly 
ja ulated and interpreted in a given 
a ofal situation is not deter- 
= by the theory of which the con- 
clainis iS a part. As a consequence, 
in of misrepresentation, distortion 
ate eR; and destruction of purpose, 
tent es leveled at the experi- 
Erte ist, This amounts to a state of 
fons a iain in the less rigorously 
ne ated areas of psychology. If 
E are assigned by operational 
laek pes the theorist leaves only the 
i T validation to the experimental- 
the he accuracy and success of a 
4 Shai formulation are open to the 
ss lic—indeed, even to the neophyte 
Sle id confirmation or de- 


ie third source of surplus meaning 
Sua, in the use of conversational lan- 
ing ge as a method of conveying mean- 
thro The surplus meaning is admitted 
Diesels h the fact that the words (ex- 
avı AS) of a conversational language 
ta Meaning in context, meaning which 
Se ies as the words are used in different 
ine ices, The use of constructs hav- 
& operational meaning is simply 4 
vice for achieving fixed and precise 
aning in a communicable and deduc- 
in, ely manipulable form, and eliminat- 
8 surplus meanings and their conse- 
quences, 
s In view of the above discussion We 
tate the following rule of procedure: 
© be testable a theory must be formu- 
ated as complete at the time of the test. 
5. Rules for the admission of @ CO” 
Struct, Keeping the above discussion 
in mind, we should like to list what 
Seem to us to be necessary and sufficient 
Conditions for the admissability of con- 
Structs in theory construction. We do 
Not wish to imply that any 
Will necessarily be successful if it meets 
the criteria we shall set down. Success 


195 


or lack of suècess is to be determined 
by empiricai test of the content of the 
theory in question. The constructs in 
a theory must meet the following cri- 
teria if the theory is to be testable. 
First, a construct which is adequate 
for use in empirical theory construction 
is operationally defined. The opera- 
tional definition contains @ description 
of manipulations which are performed 
in the laboratory, and a description of 
the effects of these manipulations upon 
the behavior of the experimental sub- 


jects. 

Second, the concept under considera- 
tion must bear explicitly stated relation- 
ships to other constructs in the theory 


of which it is a part. 
Third, a construct must vary unidi- 


mensionally and continuously, and must 
affect at least one abstracted aspect of 
behavior, such that the behavior will 
vary unidimensionally and continu- 


ously.” 

measurement as the assignment 
names of members of a range 
of attributes which objects possess, such that 
the magnitude of the number reflects the 
magnitude of the attribute possessed by the 
object. It will become obvious that with any 
given measurement procedure we can work 
with one and only one range of attributes at 
a time. This is to say that one measurement 
procedure will define different numbers in one 
and only one class of qualities. Measurement 
consists in discovering which member of a 
class of qualities is possessed by a given ob- 
ject of measurement, Thus if the construct 
jn question is to be testable, it must conform 
to the assumptions of the real number system. 
This is the reason we assert that a construct 
must vary unidimensionally. The construct 
will take different values in different situa- 
tions, but all values will represent (name) 
qualities which are members of only one 
class of qualities. 

In addition to the above there is the fur- 
ther consideration that where behavior is com- 
plex and discontinuous, there the theory will 
also be complex. If we observe a discontinu- 
ity in behavior in a given situation, it is rea- 
sonable to assume that the behavior is not a 
manifestation of a single construct. 


2 We define 
of numbers as 


196 


As an elaboration of cértain implica- 
tions of the first and second criteria 
above, we list the following two state- 
ments: (a) To avoid circulirity, a con- 
struct must be used only to predict be- 
havior which is independent of its defi- 
nition. (b) The construct is logically 
Prior to the behavior which it predicts. 

The notion of logical priority makes 
no assumption about temporal priority, 
i.e., antecedent events. The notion of 
temporal priority is not to be taken as 
a restriction upon empirical constructs. 
Its use as a restriction upon empirical 
constructs arises from thinking about 
theory from a particular point of view; 
namely, the metaphysical assumption of 
a causal relation between antecedent 
events and consequent events, and from 
the pragmatic utility of predicting fu- 
ture events. The only restrictions we 
wish to make are that predictions about 
behavior shall be deducible from the 
laws from the theory, and that the par- 
ticular constructs which mediate the de- 
duction be defined independently of the 
behavior which they predict. 

These conditions for acceptable con- 
structs are not new with the present au- 
thors. They are commonly found scat- 
tered throughout the philosophy of sci- 
ence, and in discussions of procedure in 
psychology. 

In closing, we should like to 
that empirical Science. 
in the inclusive sense, 


of a successful theory js 
as an instrument for predi: 
planation. Nothing is inc 
it allows us to predict su 
accurately. The constru 
the empirical scientist w 


Onceivable, if 
cessfully and 
Cts with Which 
orks have those 
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properties, and only those properties, 
Which the scientist gives them in any 
particular formulation of a theory- 
Failure to predict successfully is an 
indication that the theory is eine 
adequately formulated, or its empirica 
content needs to be changed in sonig 
particulars. But, to assume that h 
structs have surplus properties whic 
are not accounted for is another way 


Á A a 
of saying, “Psychology is an art, not 
science,” 
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arei four phenomena that indi- 
Eme thee, a more complex cortical 
inal Brain rine ie Shown i tue SE 
ESC pithomens a papei Orp 156). 
tioning (4 are secondary condi- 
tion (2, p P- 33), conditioned inhibi- 
ing (1), pi bie sensory precondition- 
(4, p. 228) transfer of differentiation 
the first a The present paper uses 
Ondition ee phenomena as examples. 
Y the o; PG inhibition can be explained 
ondary riginal structure, but since sec- 
Wo ph conditioning cannot, and the 
ting ne have almost identical 
scribed ental programs, both are de- 
In a meg of the new assumptions. 
Several dition to the above there are 
veral other facts which indicate that 
poses Brain Analogy (BA) by- 
avloy he not without its difficulties. 
Cation ft noted that repeated appli- 
in diff of tone A, say, does not result 
Contr. frentiation unless the method of 
ae is used—tone B without rem- 
Semat (4 ps 1: The original 
SK othesis (2, p. 173) easily meets this 
in the laboratory. But transfer the 
ao a natural environment between 
acı iments and differentiation takes 
contr without the formal method of 
and rast because other specific neurons 
ated the generalized neurons are a 
whi by many natural auditory stimuli 
Ich, of course, are not reinforced by 
Spe appropriate US. In time, even the 
ecific conditioning to tone 4 woul 

e lost, 
man interesting fact deduc ; 
fa situation is that monopolar ae 
S are relatively useless for complex 


` The author wishes to express his gratitude 


era Jane Coburn for making the drawings 
the manuscript. 


ed from the 


to 


animals. Since it is a fact that labora- 
tory conditioning remains fairly stable 
in magnitude when exposed between ex- 
periments to natural stimuli, most neu- 
rons are probably bipolar with one pole 
representing some uncontrolled factor 
in the laboratory. The absence of this 
factor between experiments prevents 
extinction. 

Generalized neurons are inevitably 
Ived in any problem concerning 
and their properties are 
d to the complexity of 

A simple mechanism 
suffices for a simple environment but 
added factors require a more complex 
structure for both generalized and spe- 
cific neurons. 

These facts indicate that the diffi- 
culties in the original hypothesis were 
of degree rather than principle—the 
machine’s IQ was too low to cope with 
two environments. Since intelligence 
increases with the resolving power of 
the analyzers (3, P- 456), intelligence 
is low where monopolars predominate. 
However, this paper is based on a lab- 
oratory environment which adequately 
illustrates certain principles. 

The original BA structure allowed 
conditioning from sensory neurons to 
motor neurons. The new BA structure 
has the additional property of permit- 
ting conditioning between sensory neu- 
rons. A sensory neuron is now defined 
as a unit consisting of one or more re- 
ceptor elements or poles, a latency ele- 
ment in each pole, a combining element, 
a cell body, and a multitude of branches 
each terminated by a delta cell which 
connects with a motor cell body or with 
the cell body of another sensory cell. A 
generalized neuron is defined as a unit 


invo 
differentiation 
necessarily relate 
the environment. 


a 
nd for assistance in preparing 
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consisting of a multitude „Of receptor 
elements having identical properties, in- 
cluding latency, a combining element, 
and a multitude of branches each ter- 
minated by a delta cell which connects 
with the cell body of a sensory neuron., 
The connections to sensory cell bodies 
are known as association tracts (AT’s). 
Because the mechanism of generaliza- 
tion is restricted to the AT’s, it can af- 
fect the motor cells only in an indirect 
manner through conditioning to sensory 
cells (AT conditioning) which in turn 
connect with the motor cells (sensory- 
motor, or SM, conditioning). The pur- 
Pose of this provision is to permit trans- 
fer of differentiation with little or no 
interference by generalization. 

The AT’s make it possible for two 
signals to become associated more or 
less independently of the activity of the 
motor cells—independently of conven- 
tional reinforcement, 

In the original paper conditioned in- 
hibition was attributed to the So-called 
zero-ratio bipolar neuron (2, p. 175). 

his naive notion, suitable for a first 
approximation, is quite limited in ap- 
Plication. We now observe that since 
thresholds have normal distribution (2, 
P. 157), any bipolar neuron which has 
an inhibitory pole stimulated at a sub- 
threshold level, in effect complies with 
the zero-ratio Postulate. But there is 
an additional advantage in that the 
available Population of no. 
polar neurons i 


possesses stable conditio 
strong stimulus insures q suffici 


ent pop- 
ulation of these. A weak stimulus 
causes an insufficient Population of sta- 


ble bipolar neurons, allowing competi- 


tion by gamma phase direret 
(2, p. 170) of monopolar neuron E 
dominate the response. Secondary ae 
ditioning then reveals itself thro 
means of AT connections. ‘ante 

Although the new structure E an 
complex, the principles are ge the 
readers of the first paper (2) an one 
burden of additional complexity is Da 
than offset by the increased scope this 
Power of the technique. While E 
paper is limited to only three eam 
one can easily visualize probable WES 
cations to such theoretically impor ree 
subjects as latent learning, token 
wards, and others, 


THE STRUCTURE 


. plified 
The analysis is somewhat simplifier 
by the fact that the gees: 
Program automatically collects a ae 
&roups of neurons into functiona con- 
ters and eliminates others from the 
sideration, But this is offset by ups: 
existence of several hundred er bly 
Since an exhaustive analysis is poss! es 
unnecessary at the present time, T 
cision in proof is sacrificed for con 
ience in exposition. vert 
Every problem involving two 0 iwo 
stimuli can be placed in one of ate 
categories: The overt stimuli ar 
certain receptors in common; or, we 
do not. If overt 4 and B are disana 
enough, auditory and visual for a 
ple, to avoid actuation of any E 
receptors as shown in Fig. 1, the miis 
ber of groups is a minimum. In fi- 
paper, generalization is assumed insu vel 
cient to permit either overt stimulus 
act as a substitute for the other. h 
Neurons with two excitatory poles 
must have both actuated to get a ee] 
sponse from the combining element, bh 
the neurons with an inhibitory pole wi 
respond only when the threshold of the 


? Formerly calle, 


d periodic reconditioning (2) 
p. 162). 
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Spread of stimulation from overt A 


Latency elements 


Amplitude of S$ 


Combini 
ombining elements 


Inhibitory pole 


Fic. 1, 
figure is 
| sition in 


The location of the receptors in the 
[pee as to threshold and po- 
p pen ensory field. The receptor of 
as Epes ied pole of neuron 4, for example, 
ceptors * rp high threshold while the re- 
tion of an ave low thresholds. The excita- 
stimulu Y receptor is usually a function of 
S Position as well as intensity. 


inhib; 
ay pole is not exceeded. How- 
eration every bipolar case due consid- 
tania. USt be given: the Jatenty ele- 
both pol Simultaneous stimulation, of 
the elie es is not an adequate criterion: 
taneously of the stimulus must be simul- 
ment Y present f the combining ele- 
pa E Ph represented by a single 
individ n the figures, consists of many 
trib dual neurons with the usual dis- 
ee of properties (2, Postulates) 
sena of course, that if a group has 
onl ified threshold limits, it repie 
SSA a particular fractional part of the 
a under a normal distribution curve. 
ie essential to understand that any 
eration in an experimental program, 
“uch as a change in magnitude 0 or 
» Teclassifies many of the group 
"ansfers some to other functional clus- 
ters, 
mo neurons, Pee 
i u 

P eal i Pe experimental pro- 
Sram nd 2 of Fig- 1 are 
jane Neurons 7 4 n 
nctionally identical, exceP ponty 

Or latencies, because they a 


s an 


etimes structur- 
ally identi- 


199 


actuated whenever A is present and 
neither is ever actuated by any other 
phase of the indicated stimulus situa- 
tion. In general, then, we can classify 
the neuron groups according to their 
behavior in the experimental program 
without concern for their structures. 
These functional clusters are relatively 
few in number. 

There is, however, one outstanding 
peculiarity of the new mechanism: The 
AT conditioning has little effect on the 
motor response unless the program is 
altered.” The experimental alteration, 
of course, is the test trial which reveals 
the existence of AT conditioning. The 
cause of this indifference to the pres- 
ence of the AT’s is found in the pro- 
gram itself. Any AT conditioning to 

shich are not reinforced 


sensory cells w e no 
by the US is “open circuited” at the 
motor cell body whereas any AT con- 


ditioning to sensory cells which are 
ed is superfluous. But let a 
ced into the program 
and the presence of AT conditioning is 
immediately apparent. For example, as 
long as AT activity is accompanied by 
SM activity, there is little or no experi- 
mental evidence that the CR is partly 
due to the former, but when the latter 
is absent, as on a test trial, the CR is 
still present and attributed by the hy- 
pothesis to AT conditioning. The in- 
terference of pulses in the sensory cell 
body and the reduction in the Æ func- 
tion (2, p. 171) due to extra stimula- 
tion, combine to maintain an output 
pulse rate that is considerably less than 
the sum of the inputs. It is concluded 
that with a constant program the AT’s 
are without ‘significant effect on ob- 
served behavior. Figure 4 will aid in 
analyzing the above argument. 


reinforce 
change be introdu 


3 The conditioning and extinction properties 
for AT connections are informally assumed to 
be the same as for SM connections. The lat- 
A are given in detail in the original BA paper 
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It is also seen from €xamination of 
Fig. 4 that if the program is arranged 
so that AT conditioning occurs from 
each of two sensory neutons to the 
other, and this is Possible, a regen- 
erative or positive feedback circuit is 
established which might continue to 
operate once started. No assumptions 
have been made concerning latency in 
the AT’s, but it is apparent that a 
finite value exists which could cause a 
train of pulses to appear in the cir- 
cuit. However, a short conduction time 
Causes the initial pulse to be returned 
to the starting neuron while it is still 
refractory following the generation of 
the pulse (2, Postulate 10) and imme- 
diately stops the feedback action. Since 
the delta cell is not reinforced, extinc- 
tion ultimately takes place, breaking 
the feedback circuit, 


SECONDARY CONDITIONING 


Secondary conditioning has been de- 
fined by Pavlov (4, p. 33) as the CR 
which develops when a neutral stimulus 
is followed by a CS that is not rein- 
forced on the occasional secondary-con- 
ditioning trials, After practice the neu- 
tral stimulus, alone, evokes the UR. It 
IS an essential 


ondary CS be weak in fact or in effect 
(by delay in 


In the experiments r 
lov the primar 


lished prior to any seci 


to be relatively weak and terminated 
prior to the start of the Primary CS, 
The BA analysis reveals that the ne- 
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cessity for the restrictions in the Pav- 
lovian example is the interference by 
the phenomenon known as conditioned 
inhibition. Such interference is impos- 
sible in Brogden’s experiments. These 
properties of the cortical mechanism 
will be discussed more fully in later 
sections of this paper. 

Figure 2 shows that the secondary 
CS, though applied alone in its overt 
form, overlaps the action of the pri- 
mary CS at the delta cells owing to the 
distribution of latencies. It also indi- 
cates that the effective duration (2, P: 
159 and 3, p. 457) of A is prolonged 
for the same reason. Although the 
latency distribution function is con- 
tinuous (2, Postulate 5), we have sim- 
plified the analysis by assuming that 
latencies take a discrete set of values, 
each one of which includes a number 
of neurons. Figure 2 js based on the 
latency ogive (2, Fig. 6) with the or- 
dinates divided into steps of 2 per cent 
each, but with a linear time scale. 

Since the Short-latency neurons © 
the secondary CS (Bı to B44 incl.) are 
never actuated simultaneously with the 
primary CS, they can never become con- 
ditioned and are henceforth exclude 
from the discussion. The long-latency 
secondary CS (By to Ba incl.) are €x- 
cluded because they are actuated sub- 
sequently to those primary CS (Ax tO 
Ag incl.) which are actuated early 
enough in the Program to become con- 
ditioned to the US: conditioning may 
occur between long-latency secondaries 
and long-latency primaries (Aaa to #0 
incl.), but this fact is immaterial be- 
cause the motor cells cannot have st 
ble connections except with delta cells 
which have their activity initiated prio” 
to motor activity (2, p. 169), Back- 
ward conditioning is excluded. . OU 
concern, then, is only with medium- 
latency Secondaries (By; to Baz incl.) 
short-latency primaries (4, to 4# 
incl.), and forward conditioning. 
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Fig, 

sible A sere sensory neurons have 

Other hana hee of channels for signal: 

Mego She conditioniig is possible 

Bram. Ter in action, many other chan 

cept appli A figure is the Brain Analogy ver 

aneously j to two stimuli to show 
in action with short latency neurons 


T i 

o e itenei shown in Fig. 2 apply 
rons ees of the four types of neu- 
Polar sidered in this paper Mono- 
and i; saminda excitatory bipolar; 

As ibitory bipolar. 
us een the latencies overlap 
sible on ees, certain groupings are pos- 
45 can a basis of latency- Aggregate 
Clusive be a CS for A: to Amam 
a to Byo, while Bse can be a 
Which jn to Ass inclusive, and to Bs, 
Bite, ea CS for Ase to As 
35 abe _On the other hand, 4: tO 
ese usive can also be CS for Bat- 
Neuron relationships assume monopolar 
- Poles S. Bipolars with two excitatory 
i an ep be actuated for nO longer 
ulus i duration of the shorter stim- 
of fai] usually for less time because 
ure of the timing to be optimum 


in vari- 


both latency elements and A 


s in their tra 
only when the appropri 


how the long latency ne 
of another stimulus. 
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T’s there are many pos- 
verse of the cortical mechanism. On the 
ate contiguous elements are 


ular experimental pro- 


nels are closed by any partici 
sion of the long-established “persistent trace” con- 


urons of one stimulus are simul- 


Bipolars with one inhibitory pole will 
usually be excited part of the time un- 
less the stimulus for the inhibitory pole 
is of greater duration or precisely timed. 
Of course if the inhibitory stimulus has 
less duration than the positive stimulus, 
no inhibitory bipolar can be suppressed 
for the entire cycle. 

The analysis now proceeds on the 
basis of a restricted sample of the la- 
tencies shown in Fig. 2. Suppose we 
consider only Baz, Ago, and Ag. The 
temporal relationship of monopolars, 
bipolars, and reinforcement is shown in 
Fig. 3- The cross-hatched areas are of 
particular significance: these are the in- 
hibitory bipolars that are not actuated 
on nonreinforced trials and hence pos- 
sess stability. It will be observed, how- 
ever, that the inhibitor, Baz, does not 


Usual Trial 


Occasional Triol 


Fic. 3. Latencies apply equally well to 
monopolar neurons and to the individual poles 
of bipolar neurons. The sample mentioned in 
the text is shown here to chronological scale. 
In this figure only, the algebraic signs, plus 
and minus, are used to indicate excitatory and 
inhibitory poles, respectively. The usual trial 
is reinforced by the US to establish the pri- 
mary CS. Occasional trials are nonreinforced 
(by the US) to establish, by differential ac- 
tion, the secondary CS or conditioned inhibi- 
tor. The cross-hatched areas represent the 
nonactuated portion of a trial where failure 
of reinforcement is without effect; these are 
relatively stable. But for successful condi- 
tioned inhibition the duration of B must ex- 
ceed A to prevent “unmasking” of the inhibi- 
tory bipolar and resultant secondary CR, 


Suppress all of the action of Ase and Ay, 
because the former lacks effective tim- 
ing or sufficient excess duration to com- 
Pensate. The equal duration of overt 
A and B was intentionally chosen to il- 
lustrate this effect. The inhibitory bi- 
polars, then, are only relatively stable 


—physical separation of 4 and B (see 
Fig. 1) prevents di 


between generalized neurons and mono- 
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polars for AT conditioning. Also omit- 
ted are As, without Ası, an inhibitor 
bipolar, and its converse because thoug 
functional for part of the cycle, they ale 
inhibited during the effective duration 
of the US and therefore cannot serve as 
an outlet for B. Since the reader wee 
question why they are postulated at A ’ 
an explanation is in order. While the 
overt stimuli are quite arbitrary, the re- 
ceptors are distributed in various tissues 
without concern for any artificial boun- 
daries and consequently the labels on 
these neurons are experimental artifacts 
due to chance positioning and intensity 
of stimuli relative to the location oi e 
receptors. Because of this fact the ot 
field” inhibitory bipolar is accounted 10 
if only to exclude it safely. a 
Technically, By; without Asn, an M 
hibitory bipolar, because it can be a f 
to 7 and 6 of Fig. 4 should be aa 
However, since it is never reinforced $ 
the US and is essentially the same i 
Baz, it is omitted to simplify the a 
ures. The case of By; without tt 
different: it is always inhibited by K 
time any other neuron in the sample ; 
excited and therefore properly exclu 
And, finally, we have the A 0 a 
monopolar category. In this Sane 
the two cases are excluded because t^ t 
represent an impossible condition v 
fields of stimulation that do not 0Y 
lap (Fig. 1). sande 
Starting with 17 cases, we have Ga i 
nated 5 for necessity and 4 for conv 
ience. The remaining 8 with the ig. 
are shown in Fig. 3. However, in J z 
4 we introduce one of the generali 
neurons to facilitate understanding. 
conditioning symbols are the aan 
used previously (2, p. 174) and are is 
repeated here since the present papë is 
unintelligible without the first. «adi? 
important to understand that the ae 
vidual neurons in Fig. 4 represent fU F 
tional clusters rather than struct" 
counterparts. An inhibitory bipolar, 


as 


aes functionally a monopolar if 
te = i itory threshold is not exceeded. 
amt program may reduce a 
tion me Inn to one of simpler func- 
Ee , Of course, the reverse is never 
Pa an he seen in Fig. 4 that the ex- 
ito a program develops many AT 
M naa connections as well as the 
AT con oe As noted earlier, the 
TEP itioning has little effect on the 
ma a aig unless the program is 
GE Che experimental alteration, 
tse, is the test trial—application 


Overy gs P 


Fy 
thresh The individual neurons in 
Variance variations. As B is varied 
agent in’ in conjunction with the exis 
It shoul determining whether secondary 
ally pad be noted that the AT delta cel 
apply ie el not apparently in 5 

© mati oe where the duration of 
5 kienes what the temporal re 

duration, there are always 


Some 
aa them totally inactive W 
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Js transmitti 
wn, The conditionin 


erably exceeds A. 
overt A and B, provi 


he AT’s and other factors, 


eries as shov 
B consid 


henever the con 
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of B, alone—Wwhich is used to reveal 
secondary conditioning. Since the con- 
nections from 4 through 7 to 2 and 5 
must be both functional and actuated 
to have any effect on the motor cell 
their existence is hidden by the pres: 
ence of A on every trial except the test 
trial, In addition, neuron 4 is never 
actuated, except for the test trial, un- 
der conditions which cause it to in- 
fluence, independently, conditioning be- 
tween 7 and the motor neuron because 
the program forbids the required se- 
quence of events. Another point of sig- 
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re 


esent functional clusters with the usual 
hift in relative populations. This 
is the responsible 
tioned inhibition will be observed. 
f any sensory cell are actu- 
symbols used here really 
The significant point is that 
ded B starts first and has 
bipolars which keep 
d as part of the 


there is a $ 


ng the output o 
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nificance is the fact that tio, conditioning 
occurs from 4 to 8 or 9. 

The circumstances of the program are 
such that neurons 7, 2, atid 5 are in 
Competition with 8 and 9 for control of 
the motor-neuron. If B is weak, the 
population of 8 and 9 will be small— 
not structurally, but functionally. The 
inhibitory bipolars that have inhibitory 
thresholds in excess of the overt B are 
functionally identical with monopolars 
excited by A, alone. It is seen then 
that the populations of 1, 2,5, 8, and 9 
vary relatively with stimulus intensity; 
this variance is the responsible agent in 
determining whether secondary condi- 
tioning or conditioned inhibition will be 
observed (4, p. 69). The fact that 3 
and 9 also have access to the motor cell 
when B is weak is of no qualitative im- 
portance, unless 1, 2, and 5 are excluded 
because B, the 
test for secondary conditioning, and A 
nditioned inhibi- 


i This is 
itioned inhibition 


Certain aspects of t 
d amplification, 


condition- 
in effect, 
ompound stimulus 


ing from 1, 3, and 8, which 
are components of a c 
as viewed by 2. We ve no 
which to assign relative 
components except to ob, 
overt B has been assum 
8 must be a very small 
cause 8 represents only 
of the sum of the popu 


Serve that since 
ed to be weak, 
Component þe- 
a smal] fraction 
lations of g and 
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9: the sample fails to indicate that both 
1 and 8 represent a few of the shorter 
latencies of their respective categories. 
Most of 2, therefore, are appropriate 
by 3 and actuation of the latter reveals 
generalization. The connection from 8 
is insignificant and the tract from 1 is 
of intermediate importance. The last 
part of the program consists of a 
aforementioned trials interspersed wit 
occasional trials of overt B followed by 
A. Because nearly all of the 2 group 
have already been appropriated, A d 
connections from 4 are disabled aní 
denied access to 2. But access to 1 is 
available; this connection, on a test 
trial, produces the second-order at 
Sponse through 2 and the motor cell. 
The behavior of 5 parallels 2. f 

By delaying 4, only the tail-end af 
the latency distribution of B is avad 
able for conditioning and hence the “4 
fect on relative Populations is the sam 
as though overt B had been reduced be 
magnitude because the number of neu 
rons actuated by A remains unchange z 
This is more evident when it is remem 
bered that the sample being conside: ng 
is one defined by coexistence with t 
effective duration of the US. e 

In conformity with the evidence, ie, 
ondary Conditioning is observed O” 
When B is weak in fact or effect. 


CONDITIONED INHIBITION 


If B is a strong stimulus, the popula” 
tion of 8 and 9 will be relatively reas 
because more bipolars will have t ie 
inhibitory poles actuated (more thres a 
holds will be exceeded) and therefor” 
greater population will fail to resP a 
on nonreinforced trials. These ee 
Stability. On the other hand, 1, 2) 4 è 
5, sometimes actuated without reinfor t 
ment, lack stability, and being of ae 
tively small population cannot ee 
on gamma-phase differentiation AM é 
incurs an additional loss of conditio” 


` THE BRAIN ANALOGY 


delta cells. 
8 and 9. 
1, p now has no outlet through 
cit ae and its application, alone, 
ee come cepa. Madi 
Brat g , alone, the response is due to & 
through a ot as originally established 
direct acti 2, and 5. In addition to the 
— ion of 8 and 9 through its own 
fic e there is a possible action 
to 9 : AT conditioning from 1 and 3 
Phen these unstable connections are 
from 3 y displaced by AT conditioning 
in conju When 4 and B are actuated 
sponse” Th there is no overt re- 
inhibition tho, last is called conditioned 
Obe an though it has not been shown 
n the active suppression of any CR. 
driven oe the original CR is 
Pressed s extinction, rather than sup- 
bility a “ a competitor possessing sta- 
Other on in a process identical with 
isis ‘ms of differentiation. 
tion is pparent that conditioned inhibi- 
e nared pot oniy by a strong 
with the _ inhibitor, in conformity 
consider A ce but also by one of 
ter ee le relative duration. The lat- 
tion. T +; to have escaped atten- 
conditio is equally apparent that AT 
e isol ot plays a significant part 1 
in ibitio ed phenomenon of conditioned 
ibitor 7 by causing the block of in- 
unit h ipolars to act as a functional 
orter. AT conditioning from the 
conditions ency bipolars displaces AT 
cially T E from other neurons, eSP& 
t p generalized group. 
€ animal were prepare 
ay ae nerve blocks i 
Ure 5 at influence by the muscula- 
could ystem (kinesthetic receptors, etc.) 
Seems not influence the experiments, it 
Would Probable that a smooth transition 
bition occur between conditioned inhi- 
as gore secondary conditioning aS 
One int led in separate experiments from 
are co ensity extreme to another. We 
ncerned, of course, With the sali- 


They surrender control to 


d surgically 


or 
i; n such a 
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vary reflex. ‘Pavlov has reported the 
existence of “defense” reactions at the 
transition intensities (4, p. 69); these. 
by alteratioa in the Q and E functions 
(2, Postulates 12 and 15), possibly re- 
duce the amount of conditioning in both 
groups to an extent that makes obser- 
vation difficult. 


SENSORY PRECONDITIONING 


Sensory preconditioning has been de- 
fined by the experiments of Brogden 
(1, p. 325) as the conditioning which 
forms between two stimuli actuated 
simultaneously without conventional re- 
inforcement. The existence of the bond 
is revealed later when one of the stimuli 
is used as a CS with some US to develop 
a CR, and a test trial of the other 
stimulus then also shows a connection 
with the motor cell by exciting the UR 
with which it had never been associated. 

Following the general scheme of the 
preceding sections we assume A is the 
auditory stimulus and B is the visual 
one. Each trial consists of the simul- 
taneous actuation of A and B for three 
seconds. After a number of such trials 
A, alone, is followed by shock, the US, 
for enough trials to establish condi- 
tioned leg flexion. A test trial with B, 
alone, now produces leg flexion—a re- 
sponse with which B never had been 


associated. 


Our sample this time consists of, say, 


Ago and Bi. The subscripts represent 
the 2 per cent ordinates, as before, ex- 
cept that the starting time of A and B 
is simultaneous. In the first set of trials 
AT conditioning forms from B, to A4o- 
In the second set of trials SM condition- 
ing forms from Aso to the US. A test 
of B, then evokes Ago which in turn 
evokes the UR. 

It will be noted that this hypothesis 
is not limited to the simultaneous ac- 
tion of overt A and B. They can be 
successive as in Fig. 2. Suppose Baz 
conditions to subsequent Ago in the AT’s 
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as before. Then if overt A is condi- 
tioned to the US, application of overt B 
will evoke the UR through AT condi- 
tioning. But if the role ofA and B is 
reversed, the temporal relationship be- 
Comes more critical though not qualita- 
tively different, Again following Fig. 2 
We see that a short-latency A will con- 
dition to a subsequent long-latency B. 
Then if overt B is conditioned to the 
US, application of overt A will evoke 
the UR through the AT’s, but only if 
the program had been arranged so that 
the US followed the beginning of the 
long-latency B; otherwise, the motor 
cell would be appropriated by a short- 
latency B to which A is not a CS. 

Brogden’s experiments were concerned 
with a musculature reflex and with 
avoidance learning. In the early stages 
of such Conditioning many CR’s form 
(3, p. 458) and it is only with practice 
that a Particular CR heads the hier- 
archy. When the other CR’s become 
extinct, they 


sponding AT Conditioning so that the 


test trial, 


It was noted in connection with sec- 
ondary conditioning that while inhibi- 
tory bipolars of sufficient Population 


into condi- 
tioned inhibition such interference is 
Impossible in Brogden’s experiments, 


H. EDGAR COBURN 


for control of the UR but not in F. 
differential manner that could cause oe 
or the other to show instability. oe 
ever, the fact that these inhibitory ice 
polars appropriate some of the outlet 
cells is not without effect: The ou h 
that B would otherwise have appre 
AT conditioning to A and US is eit 
Spondingly reduced. This agrees a 
Brogden’s observations but, of Oe ele 
we have not shown that this is the j 
cause for the reduced response from 


CONCLUSION 


er 
The AT postulates appear to E 
significant advantages in correlating re- 
havior Phenomena; however, they vie 
Sent so many unexplored and in can 
quately explored facets that we 
hardly expect freedom from error. in 
if they are fundamentally soun they 
principle, it seems probable that ssing 
can be improved in detail. niece a 
a physical basis like the other 11 the 
Analogy concepts, they provide a 


es ruc- 
research advantages of a tangible st 
ture. 
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ONE- AND TWO-TAILED TESTS 


MELVIN 
AGO, Personnel 


Hick, in « 
Wo-Tailed ae on One-Tailed and 
e recommend 3 purports to vitiate 
recent pa m ations made by me in a 
cated. Per.” I think a reply is indi- 
1. M 
reipi PE was not intended to 
Sophical fi a controversy over the philo- 
Statistics oundations of mathematical 
that, by K ir was intended to show 
statistical t ing advantage of available 
Could incr echniques, the experimenter 
vestigation Ln the precision of his in- 
Ing the i by recognizing and minimiz- 
error: ncidence of Type I and Type 
rather T The paper was expository 
ment fete argumentative, a restate- 
novo, A than a presentation de 
Telative i statements made therein 
ave the o the testing of hypotheses 
erally, acceptance of statisticians g¢"- 
2 
ne experimenter’s decision tO 
not n Particular level of confidence 
cong enale with reference to statistical 
Pends erations. Such a decision de- 
likelin entirely on the assessment of the 
and ae of Type I and Type H errors 
tached practical importance to be at- 
to their occurrence. Thus, the 


Propri, 5 
°Priety of the one- or two-tailed test 
nature O the 


d—not on the 


ad 
is 


ata f The legitimate U 
esig or, the test of a par 
or) does depend on W 

> if not when, t 
ne-tailed and two- 


iW, 

`W. E. Hick, A note on OF. 
iled tests. Psychol. Rev- 1952, 59, 316-318. 
2M. R. Marks, TWO kinds of experimen 
distinguished in terms of statistical operations. 
SYchol. Rev., 1951, 58, 179-184. 


ta 


R. MARKS 
l Research Section 


formulated. Hick says, «.. . it does 


not and cannot matter whether a the 
d hypothesis) was conceived 
after the experiment; 
d by the data, or it 
dream.” Now this 


ory (rea 
before, during, or 
it may be suggeste 


may be revealed in a 
statement is true in all respects if con- 


clusions about the tenability of the hy- 
pothesis are to be restricted to the data 
at hand. But if these conclusions are 
to be extrapolated, we must strike the 
phrase, “it may be suggested by the 
data.” For consider, with reference to 
any particular data, if the hypothesis is 
to proceed from the data, the best hy- 
pothesis is that the data are as they are. 
In such case, We might solemnly aver 
that they are as they are by definition, 
and never bother to test any hypothesis. 
We shall always be right, if only we se- 
lect the hypothesis carefully enough— 
until the next time! 


4, Hick challenges, 
the Neyman and Pearson theory as it 


applies to critical regions. The pros 
and cons of such a controversy have no 
place in this discussion. However, it 
may be stated that, when the critical 
region selected is appropriate to the hy- 
pothesis being tested, then the level of 
confidence (by definition) is known ex- 
actly, and the probability that a Type 
II error will occur (false acceptance of 
the null hypothesis) is minimized. 

5. Hick’s remark on my treatment of 
the chi-square test has merit. Techni- 
cally, the term “two-tailed,” as applied 
to the chi-square distribution, refers to 
the actual tails of that distribution— 
ie., the regions of exceptionally large 
and exceptionally small values of chi 
square. However, it is still legitimate 
to cut the level of confidence in half 
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at least implicitly, 
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when we predict direction of frequency 
discordance. This is so because when 
we eliminate exactly half of the possible 
values of chi Square (thať half corre- 
sponding to frequency discordances in 
the unwanted direction), we also elim- 
inate half of the Type I errors. 

6. The same remarks apply, with 
Somewhat less force, to the indicated 
use of the F test, 


MELVN R. Marks 


in the 
I was referring to the fact that, ina 
case of simple classification anal 
variance with only two columns ie 
£ = F), the number of Type I males 
is cut in half when the negative V The 
of £ are eliminated beforehand. i re- 
number of Type I errors wale more 
duced still further in the case ve the 
than two columns (variables) be d be- 
ordering of the means was predic ower 
forehand, although in such case P 
would suffer—i.e., the chances ea 
mitting a Type II error would A pre- 
since a slight inversion from rejection 
dicted order would necessitate rej 
of the experimental hypothesis. 
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IDIODYNAMICS AND TRADITION 


SAUL ROSENZWEIG 


Washington University 
St. Louis, Mo. 


Er an actual historical accident the 
(4 iia ee by Seeman and Galanter 
ics ‘in 5 Ing the writer’s “Idiodynam- 
peared į ersonality Theory” (2), ap- 
nyesa dD the same issue with his “The 
stance rig of Repression as an In- 
(3). Th Experimental Idiodynamics” 
toward T atter article goes a long way 
tional reply; only two or three addi- 
S ARENIS are required. 

Ke ane and Galanter mistakenly 
ered to b at idiodynamics was consid- 
jective e wholly embodied in the pro- 
Proje nods; or, again, that the 
is a methods are a necessary part 
torical iodynamic approach. The his- 
indeeq accidents which they cite are, 
idiodyn accidental to the argument since 
emplified “n> while implicit in and ex- 
extends A the projective methods, 
Vance Pa beyond them. The rele- 
een i experimental psychology has 
(2). oni in the above-cited reference 
ound the kinship to psychotherapy 3S 
Now in the phenomenological approac 
umste idely current. Under these Cir- 
Seem ances the arguments presented by 
Str, an and Galanter which demon- 
ate that idiodynamics is not confined 
the projective techniques are gratu- 


itoug 
Ae f, as they also aver, the MMPI and 
ree structured instruments are being 
ang Ped along configurational lines, 
th the psychology of learning 1$, wit 
© help of Skinner, recognizing the um- 
Ortance of emitted responses (response 
-°Minance), the conclusion to be drawn 
X that the orientation ealo nytt 

mic i jmited to 
c is by no means lim a this 


‘spect of It w: 
psychology. It aig 
aos reason of breadth that the idio 
lined in the 


d; = 
Ynamic position was out 


original paper as a theoretical basis for, 
the empirically overdeveloped projec- 
tive methods; but at no point was it 
there maintained that these techniques 
exhausted the theory or that it arose 


from them. 4 
2. The critics’ appeal to history de- 


mands scrutiny. It is to Skinner, they 
insist, that the revolution in respect to 
response dominance must be attributed. 
They write (4, p. 289): “We have 
shown that with respect to the ‘postu- 
late’ of response dominance, the ‘revo- 
lution in the conception of the stimulus’ 
was instigated by Skinner rather than 
by psychodynamic or ‘idiodynamic’ psy- 
chologists.” Here they are factually in 
error and the evidence is indicated in 
the paper they criticize. It was there 
shown that Thurstone in The Nature 
of Intelligence (6, Ch. I) and earlier 
(1923), in this very journal, cogently 
expounded his “stimulus-response fal- 
lacy.” In these terms he takes to task 
the assumption that all behavior can be 

nd controlled by the 


accounted for a 1 
stimulus alone and forcibly calls atten- 
tion to the important and academically 


neglected relationships between drive 
and response within the organism. In 
partial support of his position he quotes 
from Jennings as follows: 


Activity does not require present external 
stimulation, A first and essential point for 
the understanding of behavior is that ac- 
tivity occurs in organisms without present 
specific external stimulation. The normal 
condition of Paramecium is an active one, 
with its cilia in rapid motion; it is only 
under special conditions that it can be 
brought partly to rest. Vorticella, as 
Hodge and Aikins showed, is at all times 
active, never resting. The same is true of 
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most other infusoria, and; in perhaps a 
less marked degree, of many other organ- 
isms. Even if external movements are 
Suspended at times, internal activities con- 
tinue. The organism is activity, and its 
activities may be spontaneous, so far as 


Present external stimuli are concerned (1, 
=P. 22). 


But more saliently Thurstone makes 
explicit acknowledgment of his indebt- 
edness to the “new Psychology” of that 
time—psychoanalysis. Commenting, in 
summary, on this source of his ideas 
and on the vaunted objectivity of aca- 


demic Psychology, he writes (6, p. 
164): 


Fourteen years later Skinner (5) pre- 
sented the idea as 


“the emitted response,” revising the con- 


offering his con- 
tribution as an elaboration of behavior- 


man while Skinn 
plified his « 


chology goes, not Skinn: 
stone (and before him enn: 
Freud) must be credited wi 

mulation of what has been new! 


5 ly chris- 
tened response dominance. 


SAUL ROSENZWEIG 


3. Seeman and Galanter make mu 
Of the threat which idiodynamics was 
said to present to traditional eee. 
ogy, and their quotations are eT, 
largely to support this interpretat va 
(This note has even crept projectiv ey 
into their “fictitious structured ee 
ality test” [4, p. 287] in which t 4 i 
“personologically significant” iten ea 
the three cited by them from a limi a 
random universe involve rejection au- 
distrust. Here the reaction of the 
thors will, no doubt, be: “Most no ie 
karolize elatically”—which is their to 
maining item.) They then proce Sa 
take up the cudgels for “wad 
But the idiodynamic orientation, wink 
they characterize as belonging to € no 
cal psychology as a whole, is by no 
means negatively motivated and is th 
inimical to all tradition. In at, 
just preceding references to ee. 
and Skinner—to say nothing of hol- 
—make it clear that some of pn in, 
ogy’s traditions are being articulate d 
not threatened by, idiodynamics. s to 
chology is and has been many thing re 
many men and it can well afford tO sy- 
main so. For where if not among P o 
chologists should the idiodynamics 
thought be exemplified! 
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KEND i 
ON SMITH’S COMMENTS ON “A NEW’ INTERPRETATION 
OF FIGURAL AFTER-EFFECTS” 


CHARLES E. OSGOOD 


3) 


University of Illinois 


Co; 
0 email replies to comments, and 
Provide j ments on replies to comments 
ing uu but seldom edify- 
also take utions to our journals. They 
new Pie badly needed for 
View of D utions. But since our first 
the pages r. Smith’s comments was on 
their teno of this journal (5), and since 
on our eye implied misstatements 
ake a publ I see no alternative but to 
Sith lic reply. 
eo, criticizes us for failing 
America ion his critical note in the 
tiation. Journal of Psychology on the 
ect (4) theory of the figural after-ef- 
Were not Our only defense is that we 
Of the lit attempting a complete review 
is not erature and did not come across 
l us f in the-other sources used. But 
there SNE at the six points he raised 
Ra repeated more recently: 
theori either satiation nor statistical 
tain, S explain after-effects like those 
Shiral eg in the waterfall and Plateaw 
Ot e illusions. These theories also o 
cians contrast phenomena OF e 
Ceive 0f values and motives upon per- 
size—they are not required to 
he field of per- 
referred 
¢ of con- 
JI involve 


®chanisms beyond area 17.  soyti 
alas, Subjects who have wor” distorting 
sses for a long period show figura 


aft, 
fer-ofects (Gibson, 1). a es 
on Re effe 
(op: de?) ae render vertical 


ie in the field curve 
ts), and upon remova 
Tuly vertical lines (eg T. contone) 
OW appeared bent in the opposite di- 


Both Köhler and Wallach (2)” 
myself (3), each in our 
with this situation ex- 
g how displacements 
the point of the 


rection. 
and Heyer and 
own way, deal 
plicitly, specifyin 
arise. I fail to see 
comment. 


3. Gibson (1) obtained figural after- 


effects “when his subjects merely viewed 
curved-line inspection-figures.” And 
Smith adds that “there was little if any 
opportunity for configurational adapta- 
tion” in this case I assume that what 
Kohler and Wallach called “self-satia- 

d to here, €g» that cer- 


tion” is referre . 
y show form distortion 


tain figures ma, s 
during original inspection. The latter 
authors do go to considerable pains to 


interpret this phenomenon, pointing out 
that the effect would be expected for 
curved-line figures, where resistance is 
denser on one side than the other, but 
not for straight lines. 

4, Similar effects have been observed 
in other modalities. This is exactly 
what one should expect if either satia- 
tion or statistical models apply to sen- 
sory projection systems in general. 

5. After-effects occur across the verti- 
cal meridian of the eye. Heyer and my- 
self went to considerable lengths to spell 
out this schism between functional and 
anatomical data. 

6. After-effects “in the third dimen- 
sion” have been reported. Rather than 
merely resolving this issue “in an ex- 
pression of scepticism” as Smith says, 
we (a) explicitly discussed how “depth” 
and “size” interpretations can be shown 
to be interchangeable in many studies . 
where cues are ambiguous and (b) de- 
scribed a duplication of the most criti- 
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cal demonstration of tkis effect with 
negative results, i 

Specifically against the statistical 
theory Smith offers two crit’cisms. (a) 
He says that “in Kéhler and Wallach’s 
basic demonstration, where the inspec- 
tion-contours are congruent with the test 
contours, displacement of the latter is 
commonly reported” (5, p. 402) and he 
Cites p. 271. This would be contrary to 
the satiation theory as well as the sta- 
tistical theory. What do Köhler and 
Wallach (2) actually say on this mat- 
ter? “The figure which coincides with 
the previously inspected object will be 
pale or gray in comparison with its 
black partner, it will seem to lie fur- 
ther back in space, and it may look a 
trifle smaller” (p. 271, italics mine). 
That here this is an “interpretation” 
based on the paleness cues, that dis- 
placement really does not occur under 
conditions of coincidence of I and T 
contours, is clearly indicated by Köhler 
and Wallach at many points. Witness 
the following: “But as we bring the T- 
line nearer and nearer, the satiated 7- 
region will gradually extend beyond the 
place of the T-line. . . , This develop- 
ment will continue until the resistance 
on one side of the T-line is just as great 
as it is on the other side. This happens 
in the position of coincidence where no 
displacement can occur” (2, p. 338, 
italics mine). At no Point do Köhler 
and Wallach report evidence Contrary to 
this statement; Smith may have failed 
to take into account the careful distinc- 
tion, made by both Köhler and Wallach 
and ourselves, between displacement 
and fading effects—both theories pre- 
dict that the latter effect should be 
maximal at coincidence, 

(b) It is true, as Smith 


l claims, that 
the statistical theory could 


not explain 


CHARLES E. Oscoop 


a movement of T-contours toward i 
contours. But Köhler and Wallgch gs 
not mention this explicitly, as he furt 3 
claims, citing p. 297; they describe 4 
quite different situation. “If the nA 
ject is an oblong, and if two E 
are shown within the affected area, a 
distance between these squares is oe 
ened” (2, pp. 296-7, italics ae 
Note that it is the distance between x 
two T-squares, both retreating from OP 
posite I-contours, that is decreased. i 
careful reading of the various examp te 
in the following paragraph indica es 
that all the effects described are cas 

of displacement of T-contours ku 
from J-contours—indeed, had oe 

been the case, Köhler and Wal i 
would have been obliged to count the 
as evidence contrary to their eer 
theory. Smith concludes that he $ 
on file protocols of several rigorous “in 
Servations by himself and by others it- 
which this anomalous effect showed 2 
self.” Such observations would be all 
great theoretical significance and by il. 
means should be reported in deta 
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THE LINEAR OPERATOR OF BUSH AND MOSTELLER 


RAYMOND H. BURROS ) 


University of Illinois 


a, oe of this paper is to 
about the ane misunderstanding 
operator an parameters in the linear 
BE bas ush and Mosteller (2). 

c equation was written as 


Qb = p +a(1 — p) — bp, 


wh 
eee ware parameters, p is the 
Interval ae of response in a specified 
bility of time, and Qp is the proba- 
ol time ea in the next interva 
osteller he statement of Bush and 
Writer a recently criticized by this 
tain th ), read as follows: “To main- 
e „© Probability between 0 and 1, 
Rea meters a and b must also lie 
t cen 0 and 1” (2, p. 315). 
Preted likely that some readers inter- 
ack of this sentence correctly. Its 
led thi complete exactness, however, 
ush is writer (1) to misunderstan 
Dreta and Mosteller. The misinter- 
station was this: If a and b are 
ty? outside of the open interval 
Closed then for no value of ? in the 
late interval is it possible to calcu- 
Be value of Qp in the open interval. 
clearly as it stands, this statement is 
eaten false, as the writer demon- 
0 ed (1). Bush and Mosteller, 
age! did not mean this.’ , bone 
e Y did mean is the following: 
Sewell condition for the proper sh 
ction of Qp (0 < OP $ 1) for p 
is Missible values of 0<es 
( that both a and b a 
fin? $1058 2)" at 
lows from the basic equat! 


Written as 
=el- p +0 = 9% 


i ni- 
Bush and Mosteller. Personal commu 


“ation, 1952. 


Since this is assumed for all admissible, 
values of p, set $ =0, whence 0<a <1; 
set p=1, whence 0<1—0<1,and thus 


0<b<1. 

The correspon’ 
rem may now be s 
condition for the prop’ 
Qp (0<0p<1) is the restriction of p, 
a, and b (0< <1, 0<a<1,0<b<1). 
A derivation based upon a closely re- 
lated proof by R. D. Luce? is as fol- 
lows: Since 0<a<1, and 0<1—p<1, 
therefore 0<a(i—p) S1—2- Since 
0<1—b<1, and 0<p<1, therefore 
p<(1—bp<p- Therefore, by addi- 


tion, OS QPS1. 
should note that the 


The reader l 
necessity theorem 1S not the converse 
of the sufficiency theorem, since the 


restriction of p to the closed interval 
(0, 1) is postulated, not derived, in 
both. This lack of a converse rela- 
tionship between the two theorems 
buting cause to the writer's 


ding sufficiency theo- 
tated: A sufficient 
er restriction of 


wasacontri 
misunderstanding. 

If 0<a<1 and 0<b<1, then 
—1<1—a—b<1. When Bush and 


Mosteller applied their basic theory 
to certain problems in operant condi- 
tioning, however, they were implicitly 
requiring more stringent restrictions 
on @ and b. 

In the first place, there is the re- 
striction that 0<a+b<1. Consider 
their Equation 4 (2, p. 316) which 
gives Q"pasa function of n. It is not 
necessary for this function to be con- 
tinuous in x. But later on their use 
of the calculus does imply this con- 
tinuity. Therefore, whenever the cal- 
culus is used, 1—a—b is nonnegative. 


n Pac 
R. D. Luce. Personal communication. 


1952. 
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Since this quantity is ¿already re- 
stricted to the closed interval (—1, 1), 
therefore 0<1—~g —b<1, and thus 
0<a+b<1. s 

In the second place, the calculus 
implies that both a and b (and their 
sum) must be very small compared 


to 1. Bush and Mosteller (2, p. 317) 
state that 


Ap = a(1 — p) — bp. 


Since the calculus implies continuity 
in n, therefore, as An approaches zero 
So does Ap. Since this is true for 
all permissible values of p, set p=0, 
whence a approaches zero. Set p=1, 
whence —b (and thus b) approaches 
zero; and consequently so does a+b. 

The values of a and b obtained to 
date from curve fitting are quite con- 
sistent with these conclusions, Bush 
and Mosteller computed the following 
values: a=0.014, b=0.026 (2, p. 320). 

he reader should note that so far 

we have been concerned almost en- 
tirely with mathematical Matters. 
hat we have deduced is 
true, whether or not the t 


Can we, however, 
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adequate expression for the ae 
may be nonlinear. If so, z iea 
approximation may still be quea tes 
quate over a subinterval of the a "the 
sible range of Ê, but not over this 
entire closed interval (0,1). In ee 
case, the restrictions on a and b n til 
not hold at all, and yet Qp mar 
be properly restricted. We have d to 
that the values of a and b reporta 
date by Bush and Mosteller are TAN 
properly restricted and so is then a a 
If, however, empirical values thelr 
and b are ever obtained outside ator 
Proper range, then one linear open 
will not be an adequate approxima 
Over the entire admissible range 
(for that research at least). forces 
nless experimental evidence SF 
us to abandon the linear oper rc its 
simplicity is a strong argument neat 
Continued use. Ag long as the junc- 
Operator is used, especially in conj re- 
tion with the calculus, the propane 
strictions upon the ranges of the ten- 
parameters will be basic to any a 
sion of the theory. That is the t this 
fication for the detailed study 0 
Problem. 
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ON A DEFINITION OF CULTURE 


MORTIMER BROWN 


J 
University of North Carolina 


p. eee Theory and Culture (1, 
Ord F definition of culture is devel- 
(E lex nd presented as, “ ‘Culture’ =‘) 
(to b rns y from z and vz)’ by df. 
aa read ‘the class of values of the 
and x © y such that « learns y from 2, 
‘ata not identical with z’).” This 
ea Le is arrived at by examining 
dock oo assumptions of Mur- 
while ) and discarding four of them 
F retaining two.* 
aoe their text we learn that culture 
a pe can be read as: culture 1s 
et as the class of responses of any 
ARA individual learned from any 
K pe inia individual. Culture thus 
<a appears to be an area of in- 
oon for psychologists (as scien- 
aad are interested in studying the 
aa ior of individuals as such) rather 
who anthropologists or sociologists 
it se interest in studying behavior is 
pood more upon the behavior o 
G = Furthermore, the process itse 
ie ee from z and xz) by whi a 
Ds ure (%) is mediated is the area o! 
Ychological investigation which goes 
Y the general name of learning theory 
ng more specifically by the name of 
man learning. 
in 3 Stated reason for e 
rest in framing a defini 
fee ma it shone ae 
Um utility in facilitatin 
3 inary cooperation between psychology: 
uthropology, and sociology 


Moore and Lewis’ 
tion of cul- 


£ ock’s 
R 1 Moore and Lewis consider that rs, 
Ourth assumption is subst ed UY vith rather 
fies making a total of six to deal W’ 

an seven. 


However, by their definition 
cast out any utility in in 
hropologists and sociologists 
and instead have implicitly indicated a 
need for cooperation between psycholo- 
gists and educators whose main job, it 
may be said, is to facilitate the process 
whereby (x learns y from z and x +z). 

In order to bring the anthropologists 
and sociologists þack into the picture it 
seems necessary to involve, in some way, 
the concept of the “group” as part of 
the definition. This may be done as fol- 
lows: “culture = ĝ (x learns y from z 
and x23) and where x and z are both 
members of some homogeneous group.” 
Homogeneous group may be defined as 
a collection of individuals (xı, %2,-.- 
xn) who already share certain com- 
racteristics. These “common 
» may be specifically de- 
limited in anthropological and socio- 
logical terms as indicated by findings 
from research in group membership. 

Only by paying some respect to the 
“group nature” of culture can the an- 
thropologists and sociologists be in- 
cluded in cross-disciplinary cooperation. 
That they should be included is cer- 
tainly indicated by dint of their previ- 
ous work in the field. 


384). 
they have 
volving ant 


Xn-1y 
mon cha 
characteristics’ 
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THE CIRCUMNAVIGATION OF COGNITION 


BENBOW F. RITCHIE 


University of California 


Columbus Day is an occasion in this 
country for celebrating the belief that 
the earth is round. Since 1492 this idea 
has caught on so well that it is now a 
part of the public school curriculum. 
Opposition to it has virtually ; disap- 
peared. Today, however, certain new 
ideas in modern science suggest that we 
may have been too hasty in our judg- 
ment and that this belief may be quite 
misleading if not actually false. Now 
by “modern science” I do not mean 
what you think. I mean, instead, the 
new methods of “theory construction” 
as they are called, devised by psycholo- 
gists. 

These methods were devised, of course, 
to deal with specific psychological prob- 
lems, but their use need not and indeed 
should not be limited to these problems. 
To my knowledge the present paper is 
the first to apply these methods to prob- 
lems outside the social sciences. The 
problem we have chosen is the problem 
of the earth’s shape. Is it round or is it 
flat? The analysis we have chosen is 
one recently used by Kendler (4) in his 


discussion of a similar problem in psy- 
chology. 


WHAT Is THE SHAPE OF THE EARTH? 


Geographers have disputed about the 
shape of the earth since Pythagoras first 
Suggested that it was round tather than 
flat. This is certainly not the place to 
review all the arguments, but there is 
one argument which we must discuss. 
I refer to the argument based upon what 
is called “the phenomenon of circum- 
navigation.” By this the ball theorists, 
as they are called, mean that explorers 
who set out from some place and keep 


sailing in a constant direction, eventu- 


ally return to the place from whence 
they started. The results of the 3) 
plorations of Magellan (1), Drake ( i 
and Captain Cook (8) are all iuste 
tions of this phenomenon. The ba 
theorists claim that these results con- 
tradict the basic assumptions of the disk 
theory, and they surely seem to, at firs 
sight. But before we decide let us con- 
sider the replies which the disk theorists 
have made to this argument. 

Some disk theorists (5) reply by dem- 
onstrating that, no matter what tpa 
facts appear to be, circumnavigation i 
impossible. This demonstration is pasen 
upon an analysis of the word “to navi 
gate.” How do we know, say me 
theorists, when navigation has occurre 
We can only know this if the navigator 
has moved from one place to another, 
in short, the empirical meaning of the 
word means to go to another place: 
Thus the very notion of “circumnaviga 
tion” is contradictory since it means ‘a 
navigate to one’s starting place. In thi 
sense the phenomenon is impossible. a 

Other disk theorists (7) admit that 
circumnavigation is possible, but set 
ously doubt that it ever occurs. $ 
fact that a few explorers have —— 
navigated,” they say, is given all Ls 
much importance. Consider instead a 
many, many, explorers who have set nese 
to circumnavigate and have failed. T ale 
the few cases of so-called hinge 
gation,” they say, might easily be 
pected simply on the basis of chance- 6) 

There are other disk theorists ( 
who admit that circumnavigation Bee 
occur, but think that it is a mighty Bae 
way to travel. They point, for es s 
ple, to the great numbers of HAN ane 
who have successfully returned 
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a ae their original route. Thus 
fs hig that the chances of 
method Ge are much greater by this 
navigath an by the method of circum- 
The ies 
2, 9) p say other disk theorists 
Of atin ne a theoretical one at all. 
iia oc , “circumnavigation” in some 
ctucial curs. But in what sense is the 
can a Only when we have 
Oey „all the factors that produce 
Swert on ae will we be able to an- 
Tone ae. question. And when we have 
ORE will be no issue left for 
provid dispute. The facts will have 
Fin ed the answer. 
ana ee are those who might be 
ey ‘ee e semantical disk theorists.” 
ftom Mid that the controversy results 
Consists i use of words. Its solution 
theorists in recognizing that what ball 
what e mean by the word “round” is 
“Aat” pc else means by the word 
stitutions nce the appropriate word sub- 
solved oe made, the problem is re- 
Mantical pare also is a group of “se- 
same ķi all theorists” who apply the 
They ~ of analysis to the problem. 
tists Lag that what the disk theo- 
else Pan by “flat” is what everyone 
En. ie by “round.” The only prob- 
Mantical remains is to decide which “se- 
Sham analysis” is the correct one. 
Corran for the present status of the 
earth ris concerning the shape of the 
Certaj i an the controversy Þe settled? 
ide nly there is little hope of either 
a E in. What, then, is to be 
method Perhaps it is time to apply 
tired Biel analysis. Kendler (4) 
of such great success following his use 
Proble an analysis. He applied it to @ 
ing “i concerning the nature of learn- 
a out which there had been 2 long 
Tery. Patenty irreconcilable contro- 
of maisa miig a single application 
etsy nt analysis the contro- 
Markable s resolved, Because of the re- 
e success of this approach to 
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that problem we shall em 
r ploy the 
analysis to the problem of the entie 


shape. 
a 
THE QUESTION AND ITs ANALYSIS 


Pipe tyre Bele es 
: ating ques- 
tions that are meaningless from those 
that are not. So, whenever a question 
is posed that no one is able to answer 
it is time to ask whether the question is 
answerable. “By application of meth- 
odological analysis,” says Kendler (4 
p. 269), “it is possible to demonstrate 
that certain problems are not resolv- 
able, not because they are too profound 
but rather because the questions they 
raise cannot be properly answered.” * 
If the question can be shown to be a 
pseudo-question, then all sensible per- 
sons will refrain from asking it, and our 
inquiry can be directed to more fruitful 
problems. It is the purpose of the pres- 
ent analysis to show that the question, 
«What is the earth’s shape?” is such a 
pseudo-question, and so should not be 


asked. 


Now of course most geographers not 


only regard this as a sensible question, 
but also believe that an answer to it is 
n understanding of geog- 
he other hand, as we have 
seen, empirical evidence refuses to pro- 


vide us with an answer. Consider, for 
example, the results from various bal- 
loon ascensions made by geographers 

to this question. 


seeking an answer 
When they came down and described 
what they saw from aloft, the descrip- 


tions of the ball theorist and the disk 
theorist were alike in every detail. 
There is only one difference between 
them. One describes the earth’s sur- 
face as round, the other as flat. How 
is this possible? Methodological analy- 
s states that such a paradox arises 
the question posed is a 
y noted, all further quo- 
Kendler’s paper (4). 


crucial to 4 
raphy. On t 


si 
whenever 


1 Unless specificall 
tations will be from 
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pseudo-question. This iS expressed in 
one of the fundamental principles of 
methodological analysis. 


If comparable data are employed to sup- 
port diverse answers to the same question, 
then the major source of difficulty lies not 
in the seemingly opposed answers but, 
rather, in the question itself. 


Now how do these conflicting notions 
about the shape of the earth arise? 
When we read the theoretical papers of 
various geographers, these notions ap- 
pear to be basic to the theories pre- 
sented. But are they really? Now, no 
matter how convinced a geographer may 
be that his notions about the earth’s 
shape are essential to his thinking, these 
notions may be quite external to his 
theory. At this point it may be helpful 
to introduce another principle of mod- 
ern methodology, According to this 
second principle it is essential to distin- 
guish between a scientist’s thinking and 
his theory. Tt was formerly believed 
that a scientist’s thinking produced his 
theory, and as a result his theory repre- 
But this is all 
n a prescientific 
d so is rejected 
by modern methodology. In its place 
tinction between 

So, although a 


considered “theory” by 
odology, the distinction 
obvious. And to this 
turn. 

It has been suggested that notions 
about the earth’s shape may be external 
to geographical theory. To decide this 
question, we must review what are called 


Matter we now 
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“the structural requirements” of a g€0 
raphical theory. ith 
i The geographer is concerned Tign 
stating in as precise a way as r 
where things are. This task has TA 4 
pects: (a) the stating of the loca in 
some given thing or group of thing oup 
(b) the description of the thing pe FF 
of things in a given location. must 
order to do this the geographer frst 
travel from place to place Bonk how 
what is in each place and ae ene 
he got to each place. Thus hi ane 
Pirical “first-order laws” as they 
called take the following form: 


ain 

If I start from place A, and goa peas I 
distance in such and such direction, 
will reach B. de 
Such a first-order empirical avi de- 
scribes the relation between the e, div 
pendent variables of starting plac eb 
rection, and distance, and the wet 
ent variable of terminal place, ditio’ 
results when the antecedent con A es, 
specified by the independent vari e 
are satisfied. So far, the geoi e 
has no need of theory. If he wishe em 
can merely make a list of all pee 
Pirical laws discovered in his tt ge- 
and do without theory. But w dis- 
ographer, if he travels enough, yi may 
cover two remarkable things which 
lead him to begin theorizing. ce B 

First, he will discover that pla tart 
can be reached from a variety of eee 
ing places. If he is ina method 
cal mood, he may express this by is a 
ing that the dependent variable atic 
function of several independent ie 
ables. Secondly, he is likely to obs e 
that different terminal places e 
reached from the same starting P og- 
These two discoveries lead the ge y. 
rapher to construct or erect a ther 
He does this by making a map on whi js 
place B, as well as many other places) - 
represented. The map shows how it F 
possible to get to B from many of thes 
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ee and also how it is possible to get 
a z of these places from place B. 
of ane 2 speaking methodologically 
tween th’ pages the gap existing be- 
variables,” independent and dependent 
as Fe ographer with a methodological 
calls “i ìon prefers such maps, which he 
| Seah variables,” to a list of 
place or rules for getting from one 
oe a another. As he puts it, he 
“treat ier create such a theory than 
in iene the relationship each 
Pendent ent variable bears to many de- 
is, of ¢ variables,” and. vice versa. It 
that eet important to understand 
covered opm variable is not dis- 
ae y the geographer. Not at all. 
td sib ai or constructed by him 
e will is intellectual construction,” as 
nomic E you, “has as its aim the eco- 
Þiricat description of the known em- 
ie relationships and the prediction 
Btasped phenomena.” Once you have 
struct} these essentials of theory con- 
stand On you are in a position to under- 
Mie the structural requirements” of 
coe aphical theory. Such a map, of 
colla etical erection, must, if it is not to 
ind Pse, be anchored to the antecedent 
€pendent variables on the one side, 
Ste the consequent dependent vari- 
not s on the other. Any map which is 
eed anchored is useless for guiding us 
Oper ere, and so is said to be without 
a om meaning. Thus, the struc- 
i requirements of a theory state 1n @ 
hic methodological way the conditions 
GTA ensure that the theory has 0P- 
tonal meaning. 

t is clear from all this that i 
ral requirements of a geographical 
cory include no references tO the 
ape of the earth. In this sense, at 

east, such statements are external to 
s cory, But modern methodology Ye- 
Veals an even deeper sense in which this 
A true. Consider for a moment the first- 
tder empirical laws of a ball and a disk 


a 


the struc- 


219 


theorist. Will there be any differences 
in these laws? No, for the consequences 
of going a certain distance in a certain 
direction from a given starting place will 
be the same for both. Since a map is 
merely a shorthand description. of such 
empirical laws there can be no opera 
tional differences between the maps of 
two “opposed” theorists. Thus in a 
deeper methodological sense statements 
about the shape of the earth are external 
to geographical theory. 

But what, the reader may ask, am I 
talking about when I say that the earth 
is not flat? The methodological answer 
to this question is simple and ‘direct. 
Nothing! Such statements, the meth- 
odologist will tell you, “represent sec- 
ondary and unnecessary elaborations 
about the meaning of these intervening 
variables.”. You would never make such 
completely pseudo-statements if you re- 
membered that these intervening vari- 
ables serve as economical devices to 
» the relations expressed in our 


“order 
These maps, he will 


first-order laws. 
“are shorthand descriptions and 


go on, 
nothing more. . . . The only meaning 
possessed by these intervening variables 


is their relationship to both the inde- 
pendent and dependent variables. Be- 
cause this point has been ignored, an 
immense amount of confusion concern- 
ing the ‘real meaning? of these interven- 
ing variables exists.” 

But why, one may ask, has such an 
obvious point been so persistently ig- 
nored? The reason, says modern meth- 
odology, is the “fallacy of reification or 
hypostatization.” This fallacy consists 
in regarding certain words as names of 
things or entities when they aren’t 
Let’s begin by assuming we know what 
is meant by the words “thing” and 
“entity.” Without such an assumption 
ri oe to make this fallacy 

Any thing can be given 
like “Julius Casa or 534270,” and 
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can also be given a class name like “ Ro- 
man general” or “Ford sedan.” Now, 
although all class names in English are 
nouns, not all English nouis are class 
names. This is most easily illustrated 
with slang expressions like: “He threw 
4 tantrum,” or “She copped a gander.” 
In such cases it is clearly silly to ask 
where the tantrum is that was thrown, 
or the gander that was copped. The 
Teason why it is silly is that the nouns 
“tantrum” and “gander” have no mean- 
ing apart from these phrases in which 
they appear. The fallacy of reification 
is committed when you regard such a 
noun as a class name referring to things 
Or entities. 

Now as we have seen, a geographer’s 
duties consist in traveling, recording ob- 
Servations on a map. This whole com- 
plex process is called “mapping the 
earth.” The geographer commits the 


when he thinks 
“earth” 


shape. The realization that the word 


1 to a thing or 
entity, disposes of the problem. 


THE USE AND ABUSE OF 
INTUITIVE Mopets 


Hume recommended tha 


5 t nonsense, 
when discover 


» is not 
e products of human 
creation. Although, as we have seen, 


statements about the shape of the earth 
are nonsense, we should not conclude 
from this that such Statements are 
worthless. Far from it, They serve to 
help the geographer in his Construction 
of what is called an “intuitive model.” 
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m 
This model serves as a “thinking ait i 
leading to the invention of tiee 
constructs and intervening var 
Some geographers, for reasons me 
are not yet fully understood, get "fat 
help from thinking of the earth as of 
others are helped more by eae y 
it as round. “It would be hazar tor 
as well as somewhat presumptuouii e 
any theorist to insist that every 
rist think in his style.” 

The failure of unë and otero 
recognize the usefulness of such ae 
sense was due to their misunderstam 
ing of the relation between thinking oa 
theory. As we have pointed out, e 
ern methodology makes a sharp dis TOG 
tion between “the personal Lamp A 
esses leading to the invention of iona 
retical constructs and the operati 
meanings” of these constructs. E 

But the fact that such meaning, 
statements form the core of scien er 
thinking should not mislead the ren T 
into thinking that such statement se 
capable of being either true or de- 
Modern methodology insists that pee 
cision between various such net 
models “is in the last analysis a tis, 
sion having no truth character. Tha fa 
in spite of the fact that the choice pots 
model may, and usually does, eo eel 
both experimentation and theoma as 
the choice itself cannot be evaluate tter 
being right or wrong. It isa ma we 
purely of personal taste. The most n 
can do is to attempt, in a sincere a e 
conscientious manner, to understand we 
implications of such decisions, but ing 
should not be led astray by believi 


s ya- 
we can experimentally test their 
lidity. . |» 


ess 


SUMMARY 


We have almost completed the pa 
cumnavigation of cognition.” One i 
ther methodological homily will serve 
end the trip. Henry Fielding in To” 
Jones has this to say: 
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Th 
fin ee Supernatural agents which can 
ap ae be allowed to us moderns, 
author to b ut of these I would advise an 
indeed i e extremely sparing. These are 
E $ E, and other dangerous 
most Pon e b to be used with the ut- 
troduction 4 nor would I advise the in- 
or by Aaa them at all in those works, 
@ horse] authors, to which, or to whom, 
augh in the reader would be any 


grea e 
t prejudice or mortification. 
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Princeton University 


presses common in the literature 
e ot aie are explanations or 
ize, dist ms of the relationship between 
resort oe and visual angle which 
Pression the use of mathematical ex- 
roportie Which are special cases of the 
uch on existing in similar triangles. 
geomet ations of Euclidean plane 
with thet to psychological relationships, 
ixture op sa a often uncritical, 
Variables. physical and psychological 
tions, ina attractively simple solu- 
Solutions Owever, the value of these 
o Which rests at bottom on the degree 
With the they actually are consistent 
Sequenty observed relationships. Con- 
tion UY: a careful scrutiny in rela- 
bYpothe, experimental evidence of the 
c es from which such mathemati- 
e oo are derived would seem 
order. 
from pe expression follows directly 
etr elementary theorem of plane 
Corresp Y. The proportions between 
Shown z nding parts of similar triangles 
m Fig. 1 can be expressed as 


of 


It follows directly from this that 
specifying a (Fig. 2) determines the 
relationship between @, b, and B. Spe- 
cifically this relationship is given by 


asin B 


ian @= 5 Geos (J 
a 
[À A 
b 
Fic. 2. 


We can apply this simple geometry 
to physical objects in physical space, if 
we confine ourselves to sizes and dis- 
tances which are neither too small nor 


too large. , 
Let S be the physical size of an ob- 


ject (Fig. 3) at a physical distance D 
from some reference point O, let a be 
the angle subtended by S at the point 
O, and let 5 be the deviation of S from 
the vertical, or the inclination of S. 


a, 


(\ 
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Equation [1] becomes » 


S cos 6 
esp oer BI 
I 
I 
l 
l 
1 
I 
gl 
| 
I 
al 
D 
Fic. 3. 


If we limit ourselves to angles suff- 
ciently small so that tan a =a, and con- 
Sider as a special case the condition 
3=0 (Fig. 4), equation [2] reduces to 


[3] 


SIE) 


a= 


D 


Fic. 4. 


i paper we shall consider the 
ons only of equation [3], bear- 


From equation 
conclusions may be 


a. When the angle is given, size and 
distance vary Proportionally, 

b. When angle and distance are 
given, size is uniquely defined. 


[3] certain simple 
drawn. 
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c. When angle and size are give 
distance is uniquely defined. ddis 

d. When size is given, angle an 
tance vary inversely. 

e. When distance is given, 
size vary proportionally. 


angle and 


‘cht 
This simple geometry of K 
triangle is of interest to the stu Bi 
space perception because the PNA 
sizes and apparent distances of 0 tical 
seem to conform to similar or iden tion 
rules. Indeed, in many cases er 
[3] seems quite accurately to z size, 
the relationship between apparen angle: 
apparent distance, and visual ists t0 
This fact has led some psycho option 
apply this equation to the desc y in 
of psychological events. In man in- 
stances, the resulting equation cho- 
judiciously mingle physical and psy 
logical quantities. An example is 


apparent size 
physical distance 
h leans 
quant 


visual angle = 


Another familiar example whic 


more heavily on psychological 
ties is 


apparent size 
apparent distance 


n js 
However stated, one assumpti im- 
central to all such appucatiom reti- 
ple geometry to perceived space: given 
nal projection or visual angle of ap 
size determines a unique ratio 0. This 
parent size to apparent distance. Hy- 
is the Size-Distance Invariance 
pothesis. arsed bY 
This hypothesis has been utilize H 
psychologists in two ways. Fir ianc 
explanation, some form of inya ee 
hypothesis is central to many thenni 
of the perceptual constancies. AS f the 
used, the most general statement 0: oe 
invariance hypothesis holds that os 
stancy depends on the existence of 6) 
processes which vary reciprocally ve 
that the resultant product always 


retinal size = K 
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mai 
eN the same. This type of expla- 
ae related to the size-distance 
stone: it was first proposed by Wheat- 
of aan Is central in the Gestalt theory 
ing’s ed , implied in much of Bor- 
explicit a ing, and again crucial and 
a few om Gibson’s theory, to mention 
cussion portent examples (cf. the dis- 
expression {11]). Also, it has found 
nal in th in recent issues of this jour- 
who em T writings of Schlosberg (16), 
in the ed it to explain experiments 
nce on Perception of size and dis- 
emonstr uding a number of the Ames 
Bise eens; and of Gelinsky (8), 
a as a basis for a derivation 
eral unif itative formulation of “a gen- 
cent tying law of visual space per- 
Tee + (p. 475) 
concern, Paper we shall not be directly 
ance h with the use of the invari- 
cept fe pothesis as an explanatory con- 
With ne ae theorizing, but rather 
Scription second major use, that of de- 
is latt We choose to concentrate on 
ndam er aspect because it is more 
ta ental; the adequacy of a formu- 
on its as explanation depends directly 
ivana a uacy as description. Is the 
Scribe nce hypothesis adequate to de- 
Ween the observed relationships be- 
andy PParent size, apparent distance, 
oe angle? The existing eVi- 
erim will be examined and a new €- 
ig oent reported in an effort to answer 
Tha stion. 
D fe the size-distance inva 
i Sis does describe this Te 
many instances is well attested. 


riance by- 


Jationship 
No 


Y to survey the literature gj 
Ject but ke? simply to indicate 
€ general nature of the supporting 
a ence, ‘Three cases may 
distinguished. Peis 
2. Visual angle constant. 
ariance hypothesis mands that ap- 
arent size and apparent distance vary 
Toportionally, and jndeed this is the 


Sub 
th 
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most commonly reported result. Duke- 
Elder has summarized current evidence 
of this case by noting that “Tf we esti- 
mate the aistance to be much greater 
than it is, we consider that if the ob- 
ject at this distance is so big, it must be 
very big indeed. Conversely, if an ob- 
ject seems nearer than it is, it seems 
to be smaller than it actually is” (6, 
p. 1071). This case is also the one 
with which Emmert’s law is concerned, 
whose usual interpretation is in support 
of the invariance hypothesis. 

b. Apparent distance constant. The 
invariance hypothesis demands that ap- 
parent size vary directly with visual 
angle, and again this is the most com- 
monly reported result. This case is, in 
fact, closely related to the finding of 
most size-constancy work, that the 
proper estimation of size is dependent 
upon the proper estimation of distance. 
c. Apparent size constant. The in- 
variance hypothesis demands that ap- 
parent distance vary inversely with 
visual angle. This general finding has 
been repeatedly verified in a variety of 


cases. 
It is clear, then, that considerable ex- 


perimental evidence can be mustered in 
support of the invariance hypothesis, 
and indeed most writers on the problem 
of the relation between apparent size 
and apparent distance would seem to be 
in general agreement with this hypothe- 
sis. The prevailing view can be sum- 
marized in Sanford’s words written half 
a century ago, “. . . size and distance 
are mutually determining. If the ap- 
parent distance is constant, the appar- 
ent size of the objects changes ditectly 
with the size of the retinal image; while 
if the apparent size is constant the 
apparent distance changes inversely 
with the image. These are facts of ver 
common observation” (15, p. 198) A 
Possibly the case could be allowed to 
e there, were it not for the fact that 
ere is also considerable experimental 
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evidence in Support of the proposition 
that no aspect of perception can be a 
simple and invariant function of a few 
variables. This Proposition is derived 
from the more general theory that the 
Perceptual process js one which always 
cand necessarily includes all aspects of 
the functioning of the organism (1, 4, 


that the size- 


Constitute an important exception to 
that theory. Consequently, it would ap- 
Pear to be of considerable systematic 
the findings 
with respect to the invariance hypothe- 
sis are not entirely one-sided. Aq- 


a. Varying accommodation while look- 
ing ata fixed object, The relation be- 
tween accommodation and apparent 
size under these Conditions is wel] es- 
tablished. Anyone can verify for him- 


tion of a distant object to vi 
close by, the distant object appears to 
diminish Conversely the size 
reases when ac- 
commodating for the farther” (10, p. 
this effect to ap- 

is by no means so 
clearly established. This problem has 
matically investigated, 

mentioned þ 
writers, who, although they ar 
complete agreement, w 


support von Kries in st 


When we gaze at any object with one eye 
screened, it is easy to Notice that its ap- 
parent size varies with the State of accom- 
modation. n of accommoda- 
tion is accompanied by an apparent reduc- 
tion in size, and every relaxation by an 
apparent magnification. The simplest ex- 
planation of this well-known and easily ob- 
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se 
served phenomenon would be to oe 
that as the result of aecommiodinon the 
near vision the object appears to be al this 
distance that ordinarily corresponds to) a 
accommodation, that is, too noma i) 
hence, as long as it subtended pE pear 
visual angle, its absolute size would pout 
to be less than it was. The trouble. long 
this explanation is that, as ponen re- 
ago rightly pointed out as SEE hap- 
markable, this is not what actua become 
Pens. The object does appear to <erted, 
smaller when accommodation is “nearer 
but it by no means appears to come jt ap- 
at the same time; on the contrary, stant 
pears to recede. Thus, with a nae an 
visual angle, we see here apparent S12 sense 
apparent distance vary in the opposite 
(17, p. 389). 


+ con 

This is clearly and explicitly p 
tradiction to the invariance hypo out 

It should, however, be pointe tin 
that this evidence, as well as me 
the following section, is complicates o 
the possibility that the physical si with 
the retinal projection varies for 
changes of accommodation. (See, 
example, discussions in Neumu 
[14] and Duke-Elder [6]). | g to 

- Accommodative micropsia pee 
Partial paralysis of accommodti n, 
Partial paralysis of accommoda ine, 
most commonly by means of oe a 
is accompanied by a reduction in this 
parent size, or micropsia. While 
fact is well established, the peager i 
apparent distance again is not C itly 
pletely clear. Duke-Elder apio 
attributes this effect to the invaria in 
hypothesis when he writes that o 
partial paralysis of accommodation fort 
We volitionally expend a greater a a 
to see an object distinctly, . . . an jte 
thus imagine the object to be T 
near; but since the retinal image 15 st 
the same size, we think the object mu 
be smaller than it is” (6, p. 1072): 
Hering, however, reported findings ° 
Pecifically refute th 2 
“Aubert after instillatio? 
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0 ; 
UARA A ampie, saw letters 
of 20 feet pinized eye at a distance 
seen with} apparently half the size as 
Stange 1 the other. . . . In spite of this, 
objects dia say, the apparently smaller 
than in za not seem nearer but farther 
is e sound eye” (10, p. 172). 
to ier is clearly in contradiction 
* A hypothesis. 
Crete isual tau efect. “If three dis- 
eE S of light are successively 
Points of” and the distance between the 
interval a is equal, but the time 
Points of etween the first and second 
e tim light is greater (lesser) than 
and third interval between the second 
tween Pa then the perceived space be- 
Steater e first and second will be 
space h (lesser) than the perceived 
Points etween the second and third 
to wh of light” (7, p. 483). Contrary 
the a one might expect in terms of 
ee hypothesis, there is no 
Oret. that this well-attested phe- 
ent sista, is accompanied by any appat~ 
a ance change. Of course, it might 
Meer an that the perceived space be- 
B not the successively presented lights 
light size” in the usual sense, a5 the 
A S which set the “space limits” do 
eva mulate the retina simultaneously. 
eng Heless, pending further experi- 
teas ation, the visual tau effect might 
to uably be considered an exception 
e invariance hypothesis. 
evid, ubjective factors. Some recent 
idence seems to indicate that the ap- 
oe size of an object may be influ- 
i ced by subjective factors such as the 
Portance of the object to the observer 
ev discussions in [2, 3])- While ma 
ha DCE is as yet inconclusive, 1f 1 
Stud be substantiated, it would con- 
ia ute an important exception to: THe 
Variance hypothesis. h 
it e. Statistical considerations. mie 
é Not all of the evidence which tends to 
UPport the invariance hypothesis 1S 
tatistical in nature. That is, it states 


Evid, 
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> 
that the invariance hypothesis describes 
the mean of a large number of observa- 
tions in a large number of cases. But 
as usually ` expressed, the invariance 
hypothesis is not a statistical state- 
ment; it is an equation which, within 
the limits of accuracy of measurement, 
must apply to the individual case. 
Therefore, even if the invariance hy- 
pothesis always adequately described 
the mean performance (which, as we 
have seen, it probably does not), it 
would still have to be modified drasti- 
cally before it would be acceptable as 
a description of psychological events. 

It is clear, then, that there exists a 
body of evidence which, although it ap- 
proaches the problem obliquely, is yet 
relevant and contradictory to the in- 
variance hypothesis. The evidence at 
the very least suggests that this hy- 
pothesis may not be adequate to de- 
scribe the relationship between appar- 
ent size, apparent distance, and visual 
angle in all cases. There is need, never- 
theless, for an experiment specifically 
designed to ‘test the applicability and 
generality of the invariance hypothesis. 
In the experiment reported below visual 
angle was kept constant, apparent dis- 
tance was influenced by over-lay indi- 
cations, and apparent size by the size 
of the background. Reports were ob- 
tained of changes in apparent size and 
apparent distance and were analyzed 
as supporting or contradicting the in- 
variance hypothesis. 


DESCRIPTION OF THE EXPERIMENT 1 


The apparatus: employed has been 
described and illustrated by the au- 
thors in a previous publication (43). 
Briefly, it consisted of a trapezoidal 
shape cut out of 14-in. aluminum, 39 in 
long, 47⁄4 in. and 25 in. high at the 
long and the short ends, respectively. 


+The authors are indebted to Charles T. 


Albert for collecti i 
a ecting the data in this experi- 
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Three rows of five openings somewhat 
like the panes in a window were cut out 
of the trapezoidal shape, and on it were 
painted shadows like those commonly 
seen on an ordinary window. 

This trapezoid was suspended from 
‘the ceiling by two wires so that the 
sides were vertical and the center of 
the frame 46 in. above the floor. A 
black thread passed through the middle 
opening of the shorter side and was at- 
tached to four pulleys so that the 
thread was horizontal to the floor, 48 
in. above the floor, and at right angles 
to the line of sight. A motor attached 
to one of the pulleys drove this thread 
at the rate of about half an inch per 
second. This apparatus was viewed 

~ from a distance of 10 ft. utilizing a 
headrest which permitted monocular 
observation only, and which was adjust- 
able so that eye level could be main- 
tained at 46 in. above the floor. 

Black drapes were hung behind the 
trapezoid and between the trapezoid 
and the observer. In this latter drape 
4 ft. from the viewing point, a rectan. 
gular opening was cut through which 
the trapezoid could be observed. Be- 


two 15-w. lights in 


enty-four under- 
n University, none 


of whom had any previous knowledge 


of the nature or purpose of this experi- 


ment. m had, or were cor- 
rected to, 20/20 visual acuity. 


The trapezoid described above ap- 


pears to O to be a rectangle with the 
actually far edge of the trapezoid ap- 
pearing as the near edge of the rectan- 
gle and vice versa. Under these condi- 
tions, objects carried through the trapa 
zoid in a straight path by the movia 
thread appear typically to move throug 1 
an “S”-shaped path in the horizonta 
plane (see 13). The problem, as T 
lated to the study of the invariance bY- 
pothesis, is to determine whether this 
change in apparent distance as the obi 
ject moves is accompanied by the coi 
responding change in apparent pe 
Which would be predicted from the i” 
variance hypothesis. In order to secu" 
this information, each O was presente 
with three different situations. iil 
1. Trapezoid alone. The O view 
the trapezoid and was asked to descti i- 
its orientation in space and its appt 
mate dimensions. tacts: 
2. Trapezoid with moving obja 
Each of the two objects described abo oe 
was viewed moving through the trap a 
zoid from right to left and also yee 
left to right. The order of presentati? 
was randomized. The O viewed e 
condition twice and was asked to ó 
scribe any changes in apparent size 
distance of the moving object. _. cts: 
3. Trapezoid with stationary obje om 
Two playing cards were suspended re 
the stationary wire with their i” int 
edges lined up from the viewing ae l 
with the outside edges of the trape? 


FINDINGS 


1. Trapezoid alone. All OS n 
scribed the trapezoid as a recta eft 
tipped sharply sideways with aa 
edge near and its right edge far- be- 
timates of its dimensions rane ft. 
tween 114 ft. x 2 ft. and 5 ft. X $ he 
with 18 out of the 24 Ss estimating s, 
horizontal dimension to be at least . ots: 

2. Trapezoid with moving 0 
In 75 of the 96 trials, definite 
Ment in depth of the test object 


move” 
was 


—— 


. th 
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ported, 3 ft. or more in 39 of the 
mals and less than 2 ft. in only 12 of 
aa poe Perceived movement in 
the ana about equally common for 
Dla sie test objects; in the case of the 
in fe g card, such movement was seen 
P tton out of 48 trials, while with the 
oa it was seen in 39 out of 48 trials. 
oo effect of the right-left or 
H 7 at orders appeared for either 
Fas - ject, although depth movement 
Beth: ante a little more often for 
These pny in the right-left trials. 
ils a epth changes, when seen, were 
the thes oi in length throughout 
eral s of an individual, and, in gen- 
mate al ene to O’s earlier esti- 
titan the horizontal dimension of the 
ie There can be little doubt, then, 
trials aa, Os in the majority of their 
ice id see the test object change dis- 
aa that these changes were of 
a magnitude relative to the 
a Aaa of 10 ft. that a cor- 
= ing change in size should have 
aae ne in all such cases if the 
stantiated, ypothesis were to\ be sub- 
SF ts saging card. In only 14 of the 
chan, als where either size or distance 
R oN was seen could the Os’ reports 
invari erpreted to be in line with the 
Ports ance hypothesis. These 14 re- 
S that when the card ap- 
it m ed, it became smaller, and when 
k oad away, it became larger. In 
imaged 23 trials, three quite dif- 
Pea, distance perceptions were re- 
“tit all of them distinguished by 
Yp lack of accord with the invariance 
cone The most common of these 
trials observations, reported in 15 
age was that a marked change 19 dis- 
cee seen without any apparent 
Currin ion in size. Another report, 0C- 
EVERS in 7 instances, was exactly the 
Orme. the invariance-hypothesis 
it ulation; when the card approached 
came larger, when it receded it 


> 


ə TABLE 1 


REPORTED SIZE-DISTANCE PERCEPTIONS OF 
THE MOVING OBJECTS 


(2490bservers, 4 trials each) 


Number of Trials 


Response Category —— 
Card | Cotton | Total ` 


No change in size or distance 11 9 20 

Changed in accord with invari-| 14 15 29 
ance hypothesis ē 

Changed, but not in accord with 
invariance hypotheses’ 23 


Total trials 48 48 96 


udes three types of size-distance 
nge of size and not distance, (b) 
change of distance and not size, and (c) decrease of 


size with increase in 


became smaller. In the remaining in- 
stance no change in distance was re- 
ported but the O said he saw the card 
change size. 

b. Cotton. 
moving piece of cotto: 
tially the same as those reported for 
the playing card. The numerical dis- 
tribution of the findings is reported in 
the second column of Table 1. 

3. Trapezoid with stationary objects. 
Here, also, with the visual angles sub- 
tended by the two playing cards the 


The results with the 
n were substan- 


TABLE 2 


REPORTED SizE-DISTANCE PERCEPTIONS IN 
THE STATIC SITUATION, Ricut-Hanp 
Carp STATED IN RELATION TO LEFT 


(24 observers, 1 trial each) 


Response Category None 
Same size and distance 5 
Inaccord with invariance hypothesis: 
Larger and farther 10 
Not in accord with invariance hypoth- 
esis: 
Larger and nearer 5 
Larger and same distance 2 
Vacillating between “larger and 
farther” and “larger and same 
distance” 2 
Total trials 24 


— 
—— 
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same, there is no invariant, relationship 
between reported apparent size and dis- 
tance. The modal category of response 
(10 Os) is in line with the invariance 
hypothesis, but almost an equal num- 
ber of Os (9 cases) reported perceptions 
„Which could not be so interpreted. The 
results of this part of the experiment 
are summarized in Table 2. 


Discussion 


The size-distance invariance hypoth- 
esis states that for a given visual angle 
there is a unique and constant ratio of 
apparent size to apparent distance. 
The results reported above, together 
with the earlier evidence, clearly indi- 
cate that this hypothesis is not ade- 
quate to describe this relati 


onship in 
all cases. 


The invariance hypothesis 


to be specified, 
This conclusion certainly should not 

be surprising. The invariance hypothe- 

sis is commonly expressed in the form 
; apparent size 

visual angle = apparent distance L4] 

or some e 


Such equations re 


tion of Psychological e 
no a priori rea 
possible. 


— — Physical size 
Physical distance E] 
This equation is useful 


ogist because it defines 
mits of the experience of 


a 


always holds. 
to the psychol 
the physical li 


the organism. Whenever the retina E 
been stimulated along a length descri L 
able by the visual angle a, this has a 
ways been produced by physical B 
jects at physical distances soles 
specified by the above equation E 
more generally by equation [2] ). T 
have never been any exceptions to E 
tule; there never will be. When ae 
tion [4] adequately describes the a 
Ported perceptions, this simply mea : 
that the perceptions most nearly ap 
proximate the physical situations joer 
have been related to all the size-distar i 
experience of the organism, and whic 
can be summarized by equation [N 

When behavior of this type E a 
countered, it can be labeled indana 
behavior. The conditions under T 
invariance behavior can be aben 
have yet to be determined, but si 
provide a more satisfactory base = 
for evaluating experimental results is, 
the usual criterion of constancy. T the 
So to speak, what one would expect on 
organism to do if there were no reas 
for doing otherwise, 
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FORMALIZATION OF LANGUAGE SYSTEMS FOR 
BEHAVIOR THEORY 


F. H. GEORGE 


University of Bristol 


This paper is intended to further 
the analysis that has already been par- 
tially developed (6). It is now hoped 
to suggest steps of a more positive na- 
ture designed to develop adequate lan- 
guage systems for the discussion of be- 
havior theories. It seems to the writer 
that two of the most Pressing needs in 
modern behavior theory are: (a) The 
development of a more precise language 
for the discussion of the theory, since 
much of existing behavior theory is 
vitiated by an apparent inability to 
formulate sensible questions. The ques- 
tions asked prior to experiment, for 
example, or those which form the basis 
of theory construction, are, all too 
often, either meaningless, circular, or 
insufficiently precise, and this is Part! 


ly, 
at least, a function of the language 
used. (b) The development of sys- 


tematic theories of behavior in molecu- 
lar terms, as well as in molar terms, ap- 
Pears necessary to remove the vague- 
ness that surrounds molar constructs. 
This vagueness can be greatly reduced 
by breaking the constructs down to a 
molecular level. This Paper is wholly 
concerned with finding a solution to (a). 


Tue DEVELOPMENT OF FORMALIZATION 
“Formalization brin 
what a large extent Pp 
are not empirical 
tions of linguistic 
also helps to elimin 
versy.” This quota 
randum by Woodger? forms the basis 
for this discussion. Formalization is, 
“broadly, the process of reducing our 
linguistic systems to more precise logi- 


gS out clearly to 
roblems in science 
questions but ques- 

convention. This 
ate useless contro- 
tion from a memo- 


1 Unpublished manuscript. 


te d s0 
cal forms; axioms, definitions, mee 


on. In this paper it is intended to in 
cate the desirable development wee 
formalization of behavior theory a will 
take. This approach, it is hope A a 
especially be brought to the E za 
those narrow experimentalists W decry 
peatedly call for experiment, adi ug 
theory, and continue to stumble t! liev- 
the maze of science erroneously ME is 
ing themselves to be dealing To 
with facts, and never with linguis nan 
It is apparent that there are some 
symbolic logics of various fom the 
of which have already been used x ome- 
psychological field, so far with stem 
what limited success. Such eke i 
may be premature in a subject W. sence: 
not clearly developed as a sC h in 
Their compact shorthand, a 
some form certainly desirable d back 
ultimate aim, needs to be translate 
into longhand for many purposes: cae 
our aim is a rigorization of 7 p 
or the setting up of a compro A 
tween rigid postulational aysien ubt 
narrow kind, such as the propo uate 
calculus, and the vague, ina e 
language of ordinary discussi A cho- 
principal trouble in existing 5 they 
logical languages is either (4 ers OF 
sprawl, introduce enormous nUmYN ad 
new terms, and are vague E 
themselves to meaningless fo E 
or (b) they are impressively knowl 
and impose a rigidity on our n arbi 
edge of behavior that leads to an re- 
trariness which allows of no 03" tow 
diction. More precisely, to) aa (b) 
no prediction which is precise, 1 post 
allow precise prediction which is 
wholly false to facts. 


ges 


son) 
atio! 
cis? 
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4 ae it seems that we should have 
From eae of languages which moves 
Ps P very general to the extremely 
Pe es. ar and allows us to suit the 
ston ae of our language to the preci- 
Pace a in the discussion. We talk 
ome, in ordinary conversation, but 
of Eo a precise as the dimensions 
Ai css ‘ies become more precise, and 
a ely we are forced back, as is 
an to definitions and even to the 
Bien, ions underlying our theoretical 
Re and It is certainly true that this 
which w highest approximation, to 
idea refer in cases of obscurity, 
o ae in mathematical terms, or 
then wall rigorous form. This paper, 
mA pe to suggest the way 
nary se) ll the gap between our ordi- 
Tn Phyto and our logical calculi. 

— earlier paper (6). the vague- 
tigorous ee at certain points even in 
cal const eory, i.e., in the use of logi- 
Sophical ructs, undefined terms, philo- 
terms, et directives, many-meaninged 
one ‘ c. was noticed. This should be 

n mind throughout this paper 


and wi 
io be referred to from time to 


THEORY CONSTRUCTION 


mer cience, the search for adequate 
tinues S of theory construction con- 
ecial] and psychological theory is €s- 
relati y interested in deriving some 

vely precise methods. In_ this, 
endeq emer paragraphs, it is in- 
and on to outline some of the problems 
Solveq way in which they might be 


ae fhe first instance we may choose 
a our models in at least one © 

ce N We start from our experi- 
nveni; either case, but we may find it 
real i nt to assume the existence of a 
Teen world behind experience, 
Vari eeds to be observed and mapped 
Whar Ous levels of language. This is 


Pragmatic Realism aims to do 


a 

(5, 15). We may, on the other hand 
start from experience, without making 
any assumptions about a real external 
world; thus our theoretical model comes 
to consist of observational propositions, 
and our vague and difficult formula- 
tions will be defined operationally. ` 
This last method is generally referred 
to as some brand of Phenomenalism, 
Positivism, or Operationism (17-2), 3)% 

I would submit that there is no ob- 
vious reason for not accepting a mixed 
Operational-Realist system wherein we 
may regard the Realistic model as being 
generally adequate, and the use of an 
operational definition as a form of 
limiting test where disputes, difficulties, 
etc. occur—generally at the borders of 
our knowledge at any given time. The 
ability to use such operational defini- 
tions is a guide to the degree of validity 
of the theory. The question of setting 
up criteria for deciding what consti- 
tutes a valid operation is a matter for 
convention, as is the problem of 


«gbservation-in-principle.” To reca- 
we are asserting that concepts, 


pitulate, i 
or formulations, need not, in general, 
be defined in a strictly operational 


form, but that we may conveniently 
use a realistic model subject to an op- 
erational test, wherever possible, and 
then define our terms in a manner we 
shall call a contextual definition. 
There are now further problems in 
theory construction to be settled. 


“]NTENSIONAL” AND “EXTENSIONAL” 
Montrs 


The question now to be considered is 
the actual method of construction that 
is best suited to behavior theory. Let 
us first consider the classical postula- 
tional method which has proved to be 
so successful in mathematics and 
mathematical science. The theories of 
Groups, Matrices, Euclidean Geometry, 
and Boolean Algebra are well-known 
examples of postulational systems. (It 
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will be noted that these markedly suc- 
cessful cases are essentially analytic, 
or conceptual systems.) In psychology 
Hull has, of course, used’ a kind of 
Postulational method in the statement 
of his theory of behavior (9). 

The postulational technique itself is 
not the question which I Primarily wish 
to discuss, as I intend to assume that 
in some form this is essential. The 
question is rather: Is the intensionally 
defined system adequate? To put it 
in other words, we may start from a 
set of undefined terms and from their 
derived postulates, and then introduce 
the various conceptual terms such as 
learning, perception, motivation, habit, 
habituation, adaptation, reinforcement, 
and so on. These terms are not neces- 
sarily all to be included in the theory, 
but some such terms, many-meaninged 
in character, must certainly arise. The 
many-meaninged, or multiordinal (hay- 
ing a different meaning on each level of 
language) types of term must, and will, 
arise in scientific theory; and they 
Present the central problem. Now 
again to put the question: are our defi- 
nitions to be intensional?—i.e., is a 
class definition ade 


example, talk of the class of rein 


definition, which in 
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and powerful. Consider, for example, 
the enormous power inherent in a 
“Boolean Algebra of Classes.” The 
power of the method depends on be 
ability to categorize without too mna 
distortion. Can this always be done 
The answer must be: not always F 
subjects served by ordinary languag 
without vagueness and arbitrariness 
On the other hand, extensional aenn 
tions do not allow conciseness, conven 
ent generalization, or a calculus; ae y 
do, however, gain in accuracy of sta if 
ment. The trouble essentially ne 
rounds the question of classificato 
As soon as we classify, we overloo 
differences, a 
The problem may be solved by at 
compromise. It is literally true T 
behavior theory needs the benefits T 
both systems. Thus extensional defa 
tions may be thought of as W 
cases of intensional definitions, ee 
the number of classes tends to infinity 
The form of definition to be employ E 
must therefore allow a degree of sE 
proximation, suiting the dimensions 02 
the subject discussed. We shall P 1d 
Pose, then, that our definitions pee 
Start from a glossary definition er- 
short statement of the common eg 
ties involved in the various uses of the 
term. Then on each occasion that de- 
term is used, it will be contextually es 
fined. The contextual definition Fi be 
be explicit, and certainly it shoul e 
capable of explicit definition. fini- 
now place this common glossary per 
tion, and its set of contextual bees 
tions, in a model of an infinity of le 
of language, it will be seen ae 
have made explicit a simple, and pe sys 
ful, device for building language 


eps an: 
tems. The glossary definition, efni- 
level, may be taken as a class tion 


tion, if, for example, for quantifica p 
purposes, it was necessary to Papis 
precise, if arbitrary, statement. 

may be profitable on some dimens 


jons 
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pe times. At the same time there 
ae ‘expe a general extensional back- 
Roa of levels of propositions with 
ae of accuracy of definition 
= e. A simple example of this 
ee AG ne Pigs At the level of 
feed el lavior theory a central term is 
See A considerable amount of 
— ion takes place without an 
ae criterion for learning. The re- 
oaly — in many cases, not 
ee cause two people use different 

ia, but because they both, them- 


4 Selve 
S, use the term in various ways. 


ee iS discuss “Jearning,” a start 
tion sy pcg with a glossary defini- 
graph = nn the one from the mono- 
each tim ilgard and Marquis (8), and 
e in Hi the term was used it would 
explicit S general sense, unless some 
Pended, ontextual definition was ap- 
en ce has, of course, progressed by 
less ie more and more under less and 
lates ca: the sense that certain postu- 
More at be used to subserve more and 
This aL and complex propositions. 
ae generalization, simplification, 
Owerful cation that makes science so 
is ady, However, the price paid by 
fads to ance can be too great if it 
to be Apenimimrei and this appears 
theory e present position in behavior 
e impo Certainly it appears as yet to 
Variety ssible to encompass the great 
tioną Sg behavior in a rigid postula- 
A Sumpter e This, at any rate, is an 
Plicit] ion we shall make. Thus ex- 
buig” an attempt must be made to 
Might an _ extensional system which 
exact. 2S It were, be fixed and made 
Practice F any level, at any time. In 
can suit rii will only be useful if we 
limensions e fixing to the appropriate 
tion T our criteria for theory construc- 
state RA be summarized. We must 
‘neg see undefined, or ostensively de- 
rms, and in giving our ostensive 


é k > 
discussion we must, as far as possible, 
explicitly state our philosophical direc- 
tives (i.e. those personal prejudices, 
etc. that wê possess). Next, we misk 
build a set of postulates which will con- 
tain words such as “learning,” “percep- 
tion,” and so on. Avoidance of these 
particular terms only throws the bur- 
den on some other many-meaninged 
terms. What has been said does not 
mean that we are rejecting the rigid 
postulational methods as used by Hull, 
and his associates (9, 10); or that we 
are returning to straightforward gen- 
eral discursive methods such as have 
been generally used in the work of 
Hebb, Thorndike, Tolman, etc. The 
general discursive method is too vague 
and puts us in a position which leads to 
discussion about terms, and the linguis- 
tic conventions, which are not clear-cut, 
and this state of affairs seems quite in- 
adequate. The alternative, however, is 
not at this stage to go to the strictest 
type of Hull system. This—and this 
is the principal point made in this ar- 
ticle—leads to an arbitrariness which 
is too narrow for the present develop- 
ment of behavior theory. 

The steps that could be taken in 
learning theory would be to reduce the 
number of undefined concepts by de- 


fining in terms of a small nucleus of un- 


defined terms (necessary in any verbal 
system), and by setting up a glossary 
definition for vague, previously unde- 
fined concepts, many-meaninged terms, 
etc. where the “glossary definition” 
should refer to the common properties 
of- all usages, and then a particular 
contextual definition given to each 
usage. If a term is used in, say, two 
ways that have no common property, 
then a new term should be introduced. 
If this pattern is followed explicitly, 
rather than implicitly, much clarity, 
would result. 

It is necessary to bear in mind the 
distinction made between propositions, 
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which are part of our strict behavior 
model, and propositions of the metalan- 
guage, which refer to the Propositions 
of the model. This distiriction is im- 
plicit in our linguistic theory which is 
assumed to be on any of a possible 

> infinity of levels. This sort of distinc- 
tion (13) is necessary to cater for anti- 
monies, and is analagous to the Russell 
“Theory of Types.” With respect to 
the terminology which we may employ, 
it is, I believe, true that the Carnap 
axiom (4) holds and that each subject 
will develop its own terminology, and 
will gradually discard the terms that 
Perform no useful function in the 
subject. 

Thus it is Proposed that the con- 
struction of behavior theory involves 
first the rigorization of our language 
systems. We then proceed extension- 
ally, by careful contextual definition of 
terms, to theorems, which are derived 
from postulates which refer both to our 
explicitly stated undefined terms and 
our glossary definitions, Tt is worth 
mentioning that some such language 
system has recently been developed by 
Woodger ( 16) and Previously a some- 
What similar system was developed by 
Lesniewski, Woodger aims to avoid 
‘the enumeration of properties and the 
difficulties of class, and he has built an 


racy to be involved by 
This 
s of “indexing” 
(13), and in- 
el, the distinc- 


Suggested by Korzybski 


slices.” This is Precisely the sort of 
graded accuracy on 
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discourse, or levels of abstraction, that 
is needed in behavior theory, although 
we have used the phrase “enurerahaa 
of properties,” to avoid the notion Fe 
definite class. It may now be seen tha 
the precision of glossary and contesa 
definitions is essentially related to a 
mensions, i.e., what is adequate as 
context deñnition on one level, m 
only serve as a glossary definition 
another level, 


y 
APPLICATIONS IN BEHAVIOR THEOR 


Of all branches of behavior theory 
theories of learning and perception En 
the most philosophically and seman 
cally sophisticated. The fields of Pir 
normal behavior, Personality, and te 
on, are in a much more primitive a 4 
of development and are far from the 
Carnapian state of throwing out the 
functionally useless terms. Thus É 
sort of linguistic systems suggested Pu 
ply even more obviously to the ae 
fields, but I believe they are also e? 
mously important to the former. hoe 
Whole subject of redefinition of psy¢ ny 
logical terms could well fill ma 
volumes, 

The first question is how far ma 
terminology be stretched. The ae 
example extant is perhaps the terma 
ogy of the conditional reflex. cea 
the Pavlovian terminology of the En 
ditional stimulus, conditional ren an 
unconditional stimulus, uncondi en 
response, generalization, etc. has ing” 
extended from the original ane ae 
(8, 12) to include more complica’ 
behavior activities, This ingay 
extension of definitions of some 7 ring 
terms, and has the advantage of vior 
ing more and more forms of beia 3 
under the same postulational pei if 
However, this is only worth wh j 
the amount of stretching necessary e; 
the definitions is not too conside 
otherwise, it would seem more bee un- 
introduce a new term, and utilize } 
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ew in y 
actual test a se tndueistretch: The 
ferred to st be that of overlap re- 
here we previously. In any event 
a A clearly see the use of the 
c al definition. If we are dis- 
granted Pealen ton; it is important, 
stretched a nas to Some degree been 
stance he say precisely, in each in- 
tion ji ear. we mean by generaliza- 
a oh if necessary proceed back to 
elicit ee to be carried out to 
The br Phenomenon we are naming. 
itionin: sel oni of whether con- 
Or not F erminology should be used, 
Mental i the wider context of Instru- 
mpt y ditioning, in a laudable at- 
one conci ring more of behavior under 
ecided i terminology, can only be 
eorems y attempting to verify the 
Sumption that emanate from the as- 
Out the 7 ie, is it possible to carry 
and mis an without serious distortions 
ib Sions? 
thing ce (7) has carried out some- 
for the te me desired type of analysis 
ing some rm “set” with the idea of find- 
Shiga common meaning for the vari- 
Might a He found none which 
b a for a glossary definition, 
a oe unearthed ambiguities and 
essy un ions. It is precisely „this 
°8y that controlled growth of terminol- 
Clarity ultimately leads to a lack of 
tha TN vagueness in the subject 
i. Prediction impossible. It 
Veys Y essential that further Sur 
should 1 the kind made by Gibson 
UP the be carried out in order to clear 
Mtro confusions of the past, and to 
tions i Ce greater rigor in our formula- 
in the future. 

thay g, Worth noting, parenthetically, 
fess ates is another reason why vague- 
Srmulat TS the behavior theories so far 
Compar ed: the neglect of the genuine 
Te R ative method in psychology: 
Ste, hee as “set,” “reinforcement,” 
being stretched too far if made 


Cont 
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> 
to refer to cll organisms, without ref- 
erence to contextual differences. 

In Hull’s system we find, in spite of 
the relatively precise, perhaps over- 
precise, nature of its formulations 
vagueness occurring over such words 
(undefined terms of the system) as 
“response.” The truth of many of the 
assertions of Hull’s system would ap- 
pear to depend on the precise interpre- 
tation given to this term in various 
contexts. 

“Learning” itself is notoriously a 
term signifying a process which is 
vague. Note the sort of distinction 
made by Humphrey (11). He regards 
“Jearning” as a modification of behavior 
“towards a biologically useful end,” 
but not modification of just as precise 
a nature towards an end that is not 
useful, e.g, a seagull learning to follow 
ships to get food, as opposed to a sea- 
gull learning always to fly directly away 
from ships and starving. This is surely 
an odd insistence and implies a funda- 
mental confusion, expressible in the 
statement that learning is not so-and- 
so, but such-and-such (11, p. 105), 
which fails to lay emphasis on the es- 
sential point that we may define the 
word learning in any manner we please 
as long as we have common agreement 
about that usage- It is unnecessary to 
add that many different usages of 
“earning” do in fact exist, although 
their differences are not always, by any 
means, made explicit. 

The last example we can briefly re- 
mark on is the distinction made by 
some psychologists between insight and 
trial-and-error types of learning. If 
learning is not equatable with perform- 
ance, then it is not immediately obvious 
that sudden changes of performance 
are sufficient to build a terminological 
distinction, and in any event, such dis- 
tinction needs to be formulated with 
precision to be useful to science, 
whereas in the past it appears merely to 


bility allowed by 
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refer to different philosophical direc- 
tives. If this is a genuine nonverbal 
distinction, then it needs to be formu- 
lated in terms that allow® some clear 
operational distinction. This appears 
typical of the lack of rigor in the exist- 


» ing state of much psychological theory. 


Morar AND MOLECULAR 


A word on the interpretation given 
to the words “molar” and “molecular” 
seems apposite as these words are in- 
deed many meaninged. 


S 


(0) ee ee ee ee 


periments to test the 
etc. 
need for precise pr 
sort of a hierarch 
been suggested, with the added flexi- 


textual definitions, then we 
expect to find that the molar- 


molecular 
apparent dichotomy really 


represents 
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two points on a continuum, at least M 
one sense. This distinction is impor- 
tant because propositions which are 
vague, nontestable, etc. on molar levels 
may be testable on molecular, and vice 
versa. This even applies to different 
molar and different molecular levels: 
The problem can be simply illustrate? 
diagrammatically. Figure 1 is a TeP 
resentation of the essence of behavior 
where Ss stand for stimuli, Rs for A 
sponses and O for the organism—t 
be regarded essentially, of course, a5 1” 


an environment and in a space-time 
manifold. The molar theorist now 205 
as shown in Fig. 2. He attempts ied 
describe behavior in terms of ee 
and complex stimulus and resP ast’ 
conditions without carrying out state 
observations, etc. on the internal aries 
of the organism. Thus the hel! 
that attend making inferences | c- 
learning from performance are pese 
counted for by logical constructs ans 
are represented by the “tags” an any 
2, strung together and involving tent 
number). A consideration of vo 
learning, delayed reward, etc- 
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ND -nnneeeeeene nner nner nn N 


Fic, 2, 


mo! 
in i itself is sufficient to show 
alécted variation cannot always be ne- 
tom 3 eren if this was not obvious 
endocrino] knowledge of physiology, 
H iole ogy, etc. Figure 3 illustrates 
Here rA cular viewpoint in essence. 
down ios molar constructs are broken 
~ o molecular constructs where 
divisio esents diagrammatically the sub- 
ns of []. The great advance is 


S 


» 


ae 


F: A nt 
IG. 3. A schematic representation of a pictorial model 
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A schematic representation of a pictorial model of molar theory. 


simply that Hg can be regarded as part 
of O and part of a molar theory and 
testable as such, and at the same time 
is testable on the neurological, endo- 
crinological level. The double purpose 
is served of making explicit our molar 
constructs and opening up a further 
testing ground for their validity. 

This whole matter is complex but the 
term molecular should be regarded 


R 
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of molecular theory. 
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roughly in the light of tyifig our molar 
constructs to the organic data and thus 
hoping to reduce the work to be done 
by a single logical construct and thus 
to reduce the surplus meaning, and also 
the vagueness. 


SUMMARY 


It seems necessary to build precise 
language systems for behavior theory 
which allow for the breadth of the sub- 
ject and which at the same time main- 
tain some degree of rigor. The gaps 
between common languages and nar- 
row postulational techniques need to be 
filled. The method suggested is 
straightforward, although sometimes 
exacting. We must accept a broad 
postulational form and be prepared to 
state our undefined terms, postulates, 
logical constructs, etc, and then allow 
for a nucleus of undefined terms that 
are ostensively defined and for “philo- 
sophical directives” which should be 
stated as fully as possible. Then we 
are left with theorems involving many- 
meaninged, multiordinal terms and com- 
plex undefined concepts, which are best 
treated by a glossary definition, sup- 
plemented by a contextual definition. 

Further it will be recognized that we 
are, in language, on a possible infinity 
of levels of abstraction and we must 
differentiate between Propositions about 
Psychological theory (this paper is on 


this level) and Propositions within psy- 
chological theory, 


The attempt has been made to 


cially definite classes 
welcome arbitrariness a 

Lastly, a few of t 
«possible verbal conf 


pointed out in psychological theory a 
a starting point for a verbal ani a 
mantic overhaul which seems vital 
the future of behavior theory. 
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if noa recognized that ordinarily, 
ceived i ways, any object that is per- 
hind a seg either as a certain 
Gt both o si or as a familiar object 
ee era Imost every one agrees that 
a hon of this characteristic of 
other a imply some kind of trace or 
fis, ob 4 existing process or organiza- 
eperen has been built up with past 
EA re Terms which have been 
these y psychologists to refer to 
fo a N existing somethings are 
aoee e stereotypes,” “schemata,” 
teleren a » trace systems,” “frames of 

nee,” “enduring cognitive organi- 


« 


Zations » 

felis T “cognitive maps,” “belief 

Rories matrices,” “conceptions,” “cate- 
»” “meanings,” etc.2 A review 


of 4 
revente erature employing these terms 
ete ig wo interesting points. First, 
One mi Ae nearly as much overlap as 
the ig So Psychologists using 
ested alm concepts” have been inter- 
ation i: exclusively in concept for- 
is io development. Those using 
(14, 15 P traces” or “trace systems” 
ro 6) have been concerned with 
ess of communication of the 


Upp 
tion > Paper, which is intended as a founda- 
Tiers a forthcoming series of experimental 
1952, 4 nie written during the spring semester, 
Language © the author was a member of the 
retsity of and Symbolism project at the Uni- 
r Fo Michigan, sponsored by the Rocke- 
fF stug mation. Tt is in part an outgrowth 
during a Social Science Research 
f owship, 1948-49, and in part an 
lished pp and revision of the author’s unpub- 
Ds. Grat Clssertation; Princeton University, 
wh, Heinz Wee acknowledgment is made to 
in, 9 enco erner and Dr. Silvan Tomkins, 
ga SR and advised the author dur- 

i Some C Fellowship. 
d nomen, 7 chologists prefer to deal with this 
OE use te in a very different way and do 
ese terms or any close equivalents. 
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present stimulus with the trace or trace 
system (the Höffding function) or the 
communication of one trace with an- 
other. Psychologists using the terms 
“stereotypes,” “schemata,” or “frames 
of reference” (1, 2, 26, 27) have dealt 
with the functional aspects of these 
constructs in the perceptions, memories, 
thoughts, and behaviors of the indi- 
vidual. Possibly Krech and Crutchfield 
(19) with their discussion of cognitive 
organizations have gone furthest in the 
integration of these various aspects, but 
the research reviewed by Vinacke (33) 
and Leeper (21) illustrates how little 
integration of this kind has been 
achieved among psychologists in general. 

‘A second point revealed by a review 
of the literature is the paucity of ade- 
quate terms and methods for the identi- 
fication, description, and measurement 
of these constructs. Certainly con- 
cepts, etc. must have many charac- 
teristics and must reveal their existence 
in many different ways, but with a rela- 
tively few exceptions, psychologists 
write as though one NUZ is about like 
any other NUZ, one stereotype about 
like any other, and as far as investiga- 
tions of what are called “concepts” go, 
methods are confined pretty much to 
sorting or labeling objects, and to for- 
mulating criteria, although in the case 
of “stereotypes” and “schemata” meth- 
ods involving selective perception and 
distortions in memory have been em- 
ployed. 

The lack of adequate descriptive 
terms and methods may contribute to 
the striking discrepancies between the. 
exciting hypotheses asserted by those 
who write “in the large” about cogni- 
tive processes or linguistic behaviors 
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and the actual results obtained by ex- 
perimental research. Many psycholo- 
gists have tended to ignore the descrip- 
tive and functional problems in favor 
of the genetic problem, i.e., here as in 
some other areas of psychology, psy- 
chologists have been much more inter- 
ested in giving theoretical explanations 
of how something has been learned or 
derived from needs than in describing 
that something itself and demonstrat- 
ing its ways of functioning. The his- 
tory of psychology should give us a 
clue here. The study of perception 
made great strides forward when Katz 
and the gestalt psychologists empha- 
sized the necessity of a description of 
perceptions rather than an “explaining 
away” of perception in terms of asso- 
ciation or an artificial analysis of per- 
ception into hypothetical components, 
as the structuralists had done. Simi- 
larly, the study of behavior has been 
greatly aided by careful attention to an 
adequate description (usually in terms 
of accomplishment, €.g., pressing a bar, 
teaching a goal box) instead of an 
analysis into hypothetical components 
(eg., reflexes in the Watsonian sense). 
Likewise, understanding of language is 
beginning to Profit greatly by a care- 
ful description of utterances that actu- 
ally Occur (see, for example, the stimu- 
lating book by Fries [8]). It may well 
be that the Psychology of cognitive 
Processes will not advance much further 
until adequate descriptive methods are 
available. 

The purpose of this Paper is to pro- 
pose a number of distinctions which 
can fruitfully be made in the descrip- 
tion of concepts and which enable the 
use of a common terminology in the dis- 
cussion not only of concept formation 
but also of the functioning of concepts 
stinctions are 
also intended to imply a close relation 
between traditional psychological prob- 
lems and more or less psychological 
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hypotheses which have arisen in related 
fields, especially philosophy, sociology 
(the sociology of knowledge), aut ae 
thropology and linguistics (especialy 
in the writings of Benjamin Whorf [i 
38]). Some indication will also 
given of the procedures which are use? 
in the actual application of the desct}P 
tive terms. For lack of space the fu s 
theoretical and applied value of E 
distinctions cannot be argued, but 4 fe i 
illustrations are given of how the ter™ 
apply to some current research. it 
terminology used in the paper 15 ith 
seems to the author, compatible "E 
the usage of “concept” by psychologis 
in the fields of concept formation art 
development. On the other hand, A 
has been necessary to introduce a PU E 
ber of distinctions which either h@ - 
not been made explicitly before by a 
chologists or, if made, have not eee 
labeled. Several of these distincto 
are very similar to distinctions madeg 
logic and semantics and terms ‘ally 
by writers in these fields, espes s 
Carnap (3), will be borrowed. fs 
letter “c” will be prefixed to borrow e 
terms, to indicate that the pe 
though similar, nevertheless has ? 
portant differences,* 7 a 

Suppose an individual perceives ct, 
object X as a certain kind of oP 
say A. Then we shall say that é 
individual has a concept C, and we 
symbolize the perceptual event era’ 
C(X)= A. We shall call C an “OP 
tor” at the time it is being us¢ 
structure perception. 

We shall also use the term 
tor” for a concept that is being 


“oper?” 
used I” 
| jen otjonS 
3At least to the author these distinct o 
are similar. I do not agree with those hi- 
maintain that discussions of meaning *pould 
losophy and in psychology have, oF 
have, nothing in common. t usag 
+The differences between the Preset that 
and Carnap’s usage arise from the Sio ac- 
the terms in the present paper take 17 
count the individual. 
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a. way in cognitive functions 
aaa a a perception, in the strict 
sometimes set suth, asi wiat 5 
a called social perception” 
G. tee ee that Mr. F. likes Miss 
ete.) Raa ges that Mrs. H. is insincere, 
Fetes cleo: in functions like remem- 
In the f ane imagining, conceiving. 
Merce ollowing discussion, the words 
ised paon or “perceiving” will be 
fions 3 brevity, although the asser- 
Tve a intended to cover other cogni- 
a Eons as well. The discussion 
sumption therefore, as a working as- 
inti that the same internal or- 
Ane aah that operate in one cogni- 
his nit ion operate in other functions. 
is 1 ere not unverifiable; it 
availabl y supported to some extent by 
search A evidence, but if further re- 
not hold ould demonstrate that it does 
in the n. there will be very little value 
It sh otion of concept. 
cept” ee be emphasized that “con- 
Site us me present discussion is not 
able (23) as a pure intervening vari- 
Some ki i It is assumed that there are 
or kes s of internal organizations 
Categori oe which are responsible for 
ions ri aspects of cognitive func- 
ions es that these internal organiza- 
infey ion properties which we must 
o Aa observation. Part of what 
tautolo will seem curiously empty °" 
5 gical if this is not kept in mind. 
Cia again to our paradigm 
that pee the significance of the fact 
World es not X, that in perceiving the 
e ent only a small number of 
tl diff ors that might be used, an 
erson. erent people, or even the same 
ferent at different times, may USe dif- 
So ieee! has been discussed by 
Sociolo ty psychologists, philosophers, 
8uists ies anthropologists, and lin- 
Iscuss a no attempt will be made to 
s significance here It may 
out the 


5 
cree 
. n; 
significano, those who have remarked ab 
na are 


ce of this or related phenome 


be pointed out, however, that the ques- 
tion of whether an individual kas a 
concept (e.g., whether he can, under 
suitable instructions, make certain sort- 
ings or classifications and/or give a 
satisfactory definition) is probably not 
as important as the question of under 
what conditions the concept will 
operate. 

A considerable amount of psychologi- 
cal research can be grouped under the 
following two problems: 

1. What is the functional significance 
of individual differences in operators 
under certain standard conditions? 
Much of the research in projective tech- 
niques deals with this problem. 

2. What are the factors (other than 
personality) making for the operation 
of one concept rather than another in 
the same individual? Under this head- 
ing would come much of the research 
on the effect of need, set, structural 
factors, and practice on perception. 
For example, Duncker’s experiments on 
«functional fixedness of solution ob- 
jects” (4) can be thought of as deal- 
ing with this problem, as he demon- 
strated that under certain conditions 
once an object has been operated on by 
a certain concept, it is more difficult 
for a different concept to operate on 
that particular object. Under other 
conditions, however, the operation of 
tly facilitates the op- 


one concept grea 
eration of certain other concepts on the 


same object, as for example in racial or 
ethnic prejudice, where the perception 
of an individual as a member of a cer- 
tain group reduces the number or 
strength of cues or information neces- 
sary to trigger the operation of con- 
cepts associated with that group. Prob- 
CSP EE 

Helmholtz, Wundt, James, Titchener, Piaget, 
Bartlett, Schachtel, Koffka, MacLeod, Sherif 
and Cantril, Allport and Postman, Krech and 
Crutchfield, Plato, Aristotle, Aquinas, Lock€, 
Berkeley, Cassirer, De Laguna, Whitehead, 
Sapir, Whorf, Lady Welby, Lippmann, and 
Korzybski. 
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ably almost any operator increases the 
Probability of operation of some con- 
cepts and decreases the probability of 
operation of others. 

In our paradigm, C(X)= A, we call 
A a category of the concept C, and X 
an argument. We say then that a con- 
cept operates upon an argument to 
yield a category. The concept C may 
have categories in addition to A. By 
the statement “B and A are both cate- 
gories of C” we mean that whatever 
concept operates on an object X to 
yield A is the same concept as that op- 
erating on some object Y to yield B. 
There are methods for determining 
whether A and B are categories of the 
same C, but it will be easier to describe 
these once we have introduced a few 
additional terms. 

We distinguish between the category 
A and the verbal label which the indi- 
vidual uses for the category 
member of the category. We call such 
a label an “expressor” of the category 
A A category may have more than 
one expressor. The expressors of a con- 
cept are the expressors of its categories, 

A complete description of a concept 
includes two aspects, content and for- 
mal properties. We shall discuss each 
of these aspects in detail. 


he most obvious way of describing 
Concepts is in ter 


or for a 


ve been formed; 
plicitly, therefore, this į 


notion Precisely we shall borrow some 


6 The present author likes to call these cate- 
gories “values,” as this usage is in accord with 
the logical analogue (an Operator Operates 
upon an argument to yield a value) and is 
-more appropriate than “category” when the 
notion of a nominal operator, as discussed in 
this paper, is extended to that of an ordinal, 
interval, or ratio operator, 
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terms from logic and Semantics: r 
C(X)= 4, then we call X a ee. 
tatum” of A (cf. Morris [24], ere 
J. S. Mill, etc.) and also of any of oe 
expressors. It is convenient to spe r- 
of the c-extension with respect to ae 
ticular set of objects S. If an Se 
ual selects from a set § all those bar 
he is willing to classify as A ’s, Lager 
latter subset is the c-extension 0 K 
with respect to S. The extention 
a concept, on the other hand, is À 
set of c-extensions of the cane i 
the operator; it is what the malbenas 
cian calls a partition of a set of oue 
It should be noted that we have tain 
said that any object that Xas Ean at 
Properties is necessarily a pean 
of a certain expressor; it is at this Pato 
that we diverge from semantics out 
Pragmatics. An object S is, in vi 
usage, a c-denotatum of an Expreso 
and only if the individual whose pel 
cept we are studying applies that ti 
pressor, whether X actually has cer 
Properties or not, ly in 
A description of a concept pure A 
terms of its extensions with repr ing 
certain sets of objects leaves some nse) 
out, namely what, in a certain ae 
the individual “means” by his pot 
sors. We shall call the propertie? 
which the individual perceives ê oe as 
lieves or conceives) the c-denota cate- 
having the “c-intension” of the some 
gory (and its expressor). In the 
cases we can distinguish apes 
defining c-intension and the cage t 
c-intension, ie., between those Fos 
ties which define the category an! chaps 
which tend to be attributed (Pe 


eses 
with varying strengths of a 
7 The inadequacy of a description a those 
of extensions is especially obvious s (eg? 
cases in which the extension is a (eg? 
“unicorn”) or has only one membe: 
“myself”) , in the 
®The word “perceives” is ueo cues 
broadest sense, to include effects 0 cious 
which the individual may not be cons 
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to any c-denotatum but are not defining 
iia For example, part of the 
= ning c-intension of the expressor 
ahi by a prejudiced individual 
oe a ee ae be the property of hav- 
as se skin and part of the incidental 
bein sion might be the property of 
es innately stupid. In most cases, 
ie os a distinction between defining 
differ F ental c-intensions will be very 
ne if not impossible, to make. 
bade = scientific research these two 
distin or a c-intension are not always 
ae pre If one reviews the his- 
gee duplicity theory of vision, 
ul a le, one looks in vain for care- 
i nitions of “rods” and “cones”; 
many rine of this ambiguity, 
ms of the statements made in the 

Opment of the theory (including 


9 
rege, term “defining c-intension of the ex- 
Somewhat as here defined, has a meaning 

» Carn similar to that of Frege’s “Sinn” 
ifcatum” va intension” (3), Morris's “sig- 
vis Mane ae Lewis’s “signification” (22), 
these terme connotation,” etc, except that 
With referes are usually used by the authors 
tems inst ence to languages or semantical sys- 
Vidual’s ead of with reference to one indi- 
More mate ee or else they are used in a 
Tis). Ca ricted sense technically (e.g., cf. Mor- 
ani e “intension” includes the defin- 

„ „ ntension plus all its logical implications, 
be the language of the present paper, 
ion not be part of the incidental 
aman’. < For example, the intension, 1n 
integep „Ţ7 ense, of the expressot “positive 
mg a fines include the property of hav- 
as it ha ique factorization into prime factors, 
ae been proved that all positive integers 
Property unique factorizations, whereas this 
Pressoy Bons not for any individual’s ex- 
and woup Part of the defining c-intension, 
ee Ee be a part of the incidental c-inten- 
Dresse a only if the individual using the 
toriai eee integer” knew the unique 
ech elisyen theorem or for some other rea- 
Property. “a that positive integers have this 


hi 

a feed “intensional” is u 
ia mo in a way quite different * 
eu t usage of “defining c-intension, 
© that cog, Usage does have some similarity 


of “inei » = 
incidental c-intension.” 


sed by Korzybski 
ent from 
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the general statement of the theory it- 
self) are confusing mixtures of defini- 
tions, tautologies, and empirical as- 
sertions, and the extent to which these 
statements are verified by certain ob- 
servations is left indeterminate. It is 
well recognized that in some cases in 
which this distinction can be made we ` 
categorize an object which clearly satis- 
fies a defining c-intension, then assume 
without conscious inference that the in- 
cidental c-intension is also satisfied. 
Work on prejudice and stereotypes has 
emphasized this mechanism, discussed 
by psychologists under the term “as- 
similation” (Allport and Postman [1]), 
“frame of reference” (Sherif and Can- 
tril [27]), or “incorporation into or- 
ganized cognitive structures” (Krech 
and Crutchfield [19]). 

We have defined “c-intension of a 
category.” The defining and incidental 
c-intensions of a concept are the sets of 
defining and incidental c-intensions of 
its categories. 

Notions like that of c-intension are 
strongly rejected by many of those in- 
terested in problems of language and 
meaning. The argument runs thus: 
There are utterances (verbal behaviors), 
other behaviors, and objects; there may 
even be images, feelings, and other im- 
plicit responses, but look wherever you 
will, there are certainly no intensions of 
any kind, and to drag in some notion of 
properties being attributed to objects 
is only to introduce confusion, pseudo- 
problems, and a lot of fruitless verbiage. 
This argument does not convince the 
present author; to him the elimination 
of notions like c-intensions, though per- 
haps theoretically possible, greatly han- 
dicaps any attempt to deal with mean- 
ing and leads to rather cumbersome and 
peculiar circumlocutions.*° 


10Qne should not assume too hastily thet 
because certain abstract entities do not exist 
in a spatio-temporal sense they are thereby 
eliminable in a theoretical analysis. The 
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There are two methods of investigat- 
ing c-intensions. Perhaps the most ob- 
vious is to ask the subject what he 
means by a given expressor, thereby ob- 
taining a formulated c-intension (a 
definition is a certain kind of formu- 
lated c-intension, namely, one which 
formulates a set of Properties both nec- 
essary and sufficient for class member- 
ship; cf. Morris’s “formulated signifi- 
catum” [24]). However, many labora- 
tory investigations as well as everyday 
observations have shown that formu- 
lated c-intensions may be very inade- 
quate. Several investigators (9; 10,11, 
25, 28, 29) have shown this to be the 
case even in situations where the de- 
fining c-intensions can easily be formu- 
lated in the language available, which is 
not the case with certain everyday ex- 
Pressors, such as “dog.” Exactly what 
is meant by “adequacy of a formulated 
c-intension” will be stated below. At 
any rate, the obvious inadequacy of 
formulated c-intensions necessitates the 
use of the second method, which is j7- 
ference from broperties which c-deno- 
tata have in common, at least those 
Properties which were easily perceivable 
by the subject durin 
under which 


denotata. It should be emphasized 
that not all Properties held in common 
by the c- 


cluded in the c-int 
gory; only those 
believed, 


and Sciences, Vol. 80, Ni 
discussion of a related Point, 
the circumlocutions which are 
avoid the use of certain abstract 
matics, see the paper by Goodman and Quine, 
“Steps toward a constructive nominalism,” J, 
symbolic Logic, 1947, 12, 105-122, 


Necessary to 
ions in mathe- 
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part of the c-intension. When an in- 
dividual learns that the c-denotata have 
a property he did not previously E 
about, that property may become Lae, 
of the incidental c-intension, | thoni 
with time it may be absorbed into t! 

defining c-intension. dif- 

With the preceding terms we can | i- 
ferentiate several kinds of content Paak 
larity between two categories. P 
c-extensional equivalence ™ with +e 
spect to a set of objects S, which is i 
Ply the degree of extensional over x) 
(intersection of the two extension 
definable quantitatively. Second, of 
intensional equivalence, or degree me 
similarity in c-intensions. In ats 
cases this can be split up into detiri 
c-intensional equivalence *? and Bea 
dental c-intensional equivalence. T ce 
terms can also be used with E, 
to concepts. The c-extensional equi a 
lence of two concepts with respect pE 
set S is the overlap *° in the two ree i 
tive partitions (sets of e-extens Og 
The c-intensional equivalence of o 
concepts is the similarity in the sets o 
c-intensions of the respective sets 
categories. 

It was stated earlier that a category 
may have more than one express F 
Given two expressors, “A” and ress 
how do we decide whether they on 
the same category? There are sê 
criteria to use: š ce 

1. Perfect c-extensional equivalent 
of “A” and “B” with respect to any 
of objects. > 

2. Perfect c-intensional equi mc 
in so far as it can be inferred fro 


1, 
gon 5 
11 Cf. Carnap’s “equivalence” (3); John 
“extensional agreement index” (12). ie 
12 Cf..Carnap’s “L-equivalence,” W. ee 
either-or kind of predicate not involvi } 
larity. M e se 
13 The overlap of two partitions A or 
can be precisely defined in several bie js D0 
the purposes of this paper a definitio: 
necessary, 
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extensional equivalence and from for- 
mulated c-intensions. 
G a aoe in time required to de- 
the d iether to apply expressor “B” if 
«an ae whether to apply expressor 
ae already been made, i.e., a de- 
to eae with the time required 
inet aati a for similar objects 
spect to il ecided upon with re- 
eatin from the subject, verbal 
the ia that for objects for which 
Bread te whether to apply “A” has 
(ap A cen made, the decision whether 
Sag, B” has also been made and 
that ee In other words, 
ag «A» has the same meaning 
an Di these criteria are met, good 
and me has been obtained that “A” 
some c express the same category. In 
a ases criteria 1, 2, and 4 are suf- 
some mg with some expressors and 
short ae of objects decision time is so 
Observed) T that no decrease can be 
ot if “A” and “B” are not ex- 
k = of the same category, they may 
“an Baca of the same concept, i.e., 
aie B” may be different yet both 
earlier Paa of “C.” It was asserted 
ining n there are methods for deter- 
terig for is. We can now list the cri- 
TS deciding whether “A” and “B” 
: Gene eee categories of “C”: A 
“valence. near zero) c-extensiona’ 
cide A decrease in time required to de- 
“Rn whether X is a c-denotatum of 
viene it has already been decided 
a x is a c-denotatum of “A.” 
fron A2 indication, verbal or otherwise, 
beet the subject that i Iread 
en m at if X has alreacy 
the wade a c-denotatum of “A” then 
Stun soe that X is not a c-deno- 
de a “B” has already been made 
4, *Plicitly indicated. 
that h n indication from the subject 
© feels or believes that the judg- 
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pe 
Fe oe e Miia ea 
aa whe l er is a c-denotatum of 

2? (Don’t depend on the subject, 
however, to explicate what he means 
by “same kind”!) 

The fulfillment of these criteria con- 
stitutes evidence that “A” and “B” are 
expressors of nonoverlapping categories 
of “C.” The problem of overlapping 
categories or of hierarchical structure is 
more complicated and no attempt will 
be made to list criteria here. 

Most psychologists would probably 
agree that almost any word and the 
same word with “not,” or the prefix 
“un” or “in” preceding it are expres- 
sors of the same concept. By using the 
above criteria we can verify this more 
or less obvious intuition, at least with 
human subjects. Certainly any ex- 
pressors of the form “E” and “Not E” 
will have zero, or near zero, c-exten- 
sional equivalence. This is one way of 
stating the law of contradiction. It will 
in general take a subject less time to 
decide, for certain kinds of objects at 
least, whether to call an object “E” if 
he has already decided whether to call 
it “Not E.” Further, if the expressor 
«p” has already been applied to an ob- 
ject, it will seem to the subject that the 
same kind of judgment is called for, 
that he has already decided not to ap- 
ply the expressor “Not E,” and that he 


has already explicitly indicated that 
Words 


he would not apply “Not B? 
called “opposites” also tend to satisfy 


these criteria. 

Notice that there is no mention above 
of the following condition: if X is not a 
c-denotatum of “A” then X will be a 
c-denotatum of “B.” This condition 
will be fulfilled in certain cases, but 
certainly not in general. Even expres- 
sors of the form “E” and “Not E” 
will not always fulfill this conditiofi, 
e.g., merely because an individual will 
not apply the expressor “liberal” to a 
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given person does not mean that he 
will apply the expressor “not liberal,” 
and this may hold even if he considers 
the liberality of the person and tries 
to make a decision. In other words, in 
Pragmatics a law of excluded middle 
does not hold. 

The foregoing discussion of content 
description makes it easier to discuss 
the formal properties of concepts. The 
following is a list of some of these 
Properties: 

1. Structure. By this is meant sim- 
ply the number of categories and the 
relation between them. Possibly there 
exist concepts with only one category, 
€.g., concepts expressed by “entity,” a 
word which is applied by some writers 
to any object, relation, etc., abstract or 
concrete. Most concepts, however, 
have at least two categories (though it 
may be that for many concepts only 
one category has any denotata), which 
is the simplest case of nominal or quali- 
tative structure, Some nominal struc- 
tures may be rather complex, as when 
one category includes two or more other 
Categories, A fairly common hypothe- 
sis among Psychologists is that, as the 
individual develops, his concepts have 
a more and more complex structure (cf. 
Welch and Welch and Long on hier- 
archical structure 


(30), should t i , 
Actually, however, the Psychology of 
concepts and the theory of measure- 
ment are intimately related, in fact, a 
really adequate theory of measurement 
requires an adequate Psychology of 
concepts, whether one calls it that or 
not, a fact overlooked by some writers 
in the former field. Tn the case of 
interval and ratio operators, and some- 
times with ordinal or nominal Operators, 
the operation of looking or otherwise 
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directing the sense organs and oS 
a judgment is supplemented by ne 
prescribed manipulations of a —_ 
less complex kind, but in all cases i 
end result is a category or value, E 
the problem of adequate ee E 
terms of c-extensions, c-intensions, 10 aa 
mulations, equivalences, etc., is Sl 
much present in the case of inter of 
and ratio operators (the problem the 
what the dimension means) as in 
case of nominal operators. sis 
It seems apparent that there are 1 ane 
Portant individual differences in re 
tor structure. Frenkel-Brunswik (6, in 
has shown that some children ots 
dichotomies (weakness-strength, oe 
line-feminine, right-wrong) more ae 
others, and she maintains that "ly 
dichotomous operators are genet ‘ue 
characteristic of the ethnically ie 
diced and the authoritarian peran ie 
ties. Klein (13) maintains that a re- 
damental aspect of personality 35 op- 
vealed in individual differences E te 
erator structure. Korzybski eae 
many ills of the world to nagar 
operators (“two-valued, either-or ier 
tations”), and some psychologists a As 
or less agree with this kind of asset cep 
2. Decidability, We call a pane 
decidable with respect to an argu way 
X if X can be categorized, in 4 that 
Satisfactory to the individual, by wise 
concept acting as an operator, ne or 
undecidable. We call X c-decida gue,” 
c-undecidable. The word vetimes 
when applied to concepts, Soe othe 
means c-undecidability, though uiva” 
meanings are low c-extensional eq ate 
lences and inadequacy of form ilit 
intensions (see below). The Da 
to tolerate c-undecidability is pe as 
related to intolerance of ambans Y7; 
discussed by Frenkel-Brunswik (6; 


ost u- 
z that s. 
interesting case of nominal Sr identi 
which labels (numerals) are used fo: sion). 
cation marks, without meaning (inten: 


14 Stevens (30) mentions only the m 
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oe however, she stresses 
ferentiated) (or other relatively undif- 
Heme ed) operators rather than ex- 
3 a ag 
Pin segs This is inferred from 
will or ie under which a concept 
availabilit not operate. A measure of 
formatie ity can be the amount of in- 
Speed jon necessary for operation, the 
is EA a etc. Availability 
function, y related to the Höffding 
ie aaa using incomplete 
Gestalt Bae ar to those of the Street 
and oa mpieg Test (31), Verville 
na a. (32) found age and sex 
concepts s in the speed of operation of 
tion of (ie. time between presenta- 
of it a stimulus and the perception 
When’ a certain Kind of thing). 
Other sti this result would hold with 
itions Fe gi materials and other con- 
Present Sh Operation has not, to the 
tigated writer’s knowledge, been inves- 
cance A has the extent or signifi- 
Propert: adnal differences in this 
hey demonstrated. The speed 
to the 1 ion of a concept is analogous 
Propert y of a response, but this 
either = as not been fully exploited 
cept ha a measure of how well a con- 
the use s been formed, analogously to 
Strength. latency as a measure of habit 
Personali or as a diagnostic measure 1n 
ae investigations. 
Cintenss C? of formulation of the 
l 6s į ion, Tf an individual formu- 
2 k the language L the c-intension 
hy oncept C, then the interpreter 
omulate concept by interpreting the 
tinguj ed intension. We can dis- 
à ish three kinds of ad É 
T or s of adequacy: 
Sect, to ensional adequacy wit 
€Nsig a given set S. This is the c- 
“epts nal equivalence of the two con- 
Of ¢ k te the interpretation (in 
(28 one c-intension. Smoke 
thulated that some of his subjects 
intensions were not com- 


h ex- 
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Or tind ta ths atop e wee 
as arguments in the et of objects used 

formation of the 
concepts. v 

b. Defining c-intensional adequ 
This is the defining c-intensional po 
alence of the two concepts. 

c. Incidental c-intensional adequacy. 
This is the incidental c-intensional 
equivalence of the two concepts. 

In scientific arguments over defini- 
tions considerable confusion results 
from failure to specify the kind and 
degree of adequacy expected or re- 
quired. This point could with justifica- 
tion be considerably elaborated. 

5. Degree to which the c-intension 
To some psychologists 
this property will seem either unintel- 
ligible or reducible to property 4. The 
writer does not share this view; any 
close tie-up of the psychology of con- 
cepts with either psychoanalytic theory 
or with phenomenology presupposes an 
investigation of this property. 

6. Validity (with respect to a given 
set of objects). The extent to which 
the c-denotata of the categories actually 
satisfy the respective c-intensions. If 
one categorizes, as in the Ames demon- 
stration (20) a distorted room as a 
rectangular room, for this particular 
object in this situation his operator has 
very low validity. The validity of op- 
erators is one (but not the only) aspect 
of contact with reality. 

7. Domination. The extent to which 

behaviors and experiences of 
ividual are functions in a given 
result of the operation 
of the concept. We call such a concept 
a dominator in that situation. Three 
kinds of domination can be distin- 
guished: behavior, affect, and percep- 
tion. Refusing to shake hands with a 
Negro, feeling negative toward him, and 
seeing something wrong in everything 
he does are often examples of behavior, 


is conscious. 


various 
the ind 
situation of the 
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affect, and perception déminators, re- 
spectively.?® p 

We can give a partial description of 
a paranoid condition by saying that 
the individual is behavior, affect, and 
perception dominated by highly invalid 
operators, 

In addition to the many problems in 
the field of concept formation which 
the foregoing distinctions suggest, we 
can state, using these distinctions, in 
fairly precise form a rather comprehen- 
sive set of theses about cognitive func- 
tioning as follows: Concepts. which are 
describable in terms of formal proper- 
ties and content 1° play a demonstrable 


78Tt is well recognized that expressors of 
dominators are sometimes re-defined in an at- 
tempt to change the extensions and/or inten- 
sions and yet keep the domination, Cc; §} 


some psychologists ang rather diy, 
that presented in this Paper, see Bloomfield 

e i ” , 
ao iin or ideas? Language, 1936, 12, 
= A more serious objection t 
cussion runs as follows: the author seems to 
endorse the ancient view that concepts are 
entities which are carried around by the indi- 


o the present dis- 
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role in the formation and organization 
of experience and behavior; the formal 
properties and the content of frequent 
operators are related to the personality 
structure of the individual; the content 
and formal properties of the opera! oi 
frequently and characteristically use 

by members of a given culture e 
strongly related to the lexicon an 

grammar of the language used in be 
culture; potential dominators, i.€., a 
cepts which if they operated wou 

dominate, tend to be operators. If any 
of these theses is true, the psychology 
of concepts overlaps with many ane 
areas of psychology and has mp 
implications for many other disciplin 

and applied fields. 
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EXPECTAN CIES AND HULLIAN THEORY 


a RICHARD A. BEHAN 
Michigan State College 


The present paper is written to show 
that the Hullian theory of behavior is 
capable of including an expectancy con- 
cept which may be likened to that of 
Tolman (5). It is Proposed to derive 
this concept of expectancy as a theorem 
to Hull’s 1943 postulate set (3). Then, 
in the language that Hull has preferred, 
the notion of expectancy will be a corol- 
lary. It will be necessary to explain 
first what is meant by the word ex- 
pectancy in the present Paper, and how 
the notion will be conceptualized. Then 
the assumptions which are necessary 
will be set forth, followed by the de- 
duction. 

The Starting point for the present 
notion will be the sign-gestalt-expecta- 
tion of Tolman (5). We quote Tol- 
man: “In the case of a sign-gestalt- 
expectation the organism is ready either 
as a result of Perception (q.v.), mne- 
monization (q.v.), or inference (q.v.) 
to have some sort of positive or nega- 
tive commerce with an immediately 
Presented object (i.e., ‘the sign-object) 


, the signi- 


(i.e., the Signified-object)" 
that the 
expectancy is g relation between signs 
such that the first occurring sign elicits 
an approach to or an avoidance of the 
later occurring sign, Special emphasis 
is placed on the wholeness or the unity 
of this trinity, ang the fact that it di- 
rects behavior. 

If the above quotation were to be 
translated into the language of Hullian 
theory (it is hoped, without doing vio- 
lence either to Hullian Concepts, or to 
Tolman’s terminology), it would read 


like the following: The goal abe 
evokes a goal response. On successive 
trials stimuli in the immediate environ 
ment come to signal the occurrence be 
the goal object. Gradually, aa er 
number of trials increases, ee 
which are more distant from the goa 
object acquire this property of signaling 
the occurrence of the goal objec’ 
Eventually the entire experimental oe 
Paratus will possess directive value seg 
the organism. The directive propert e 
which these stimuli acquire result eo 
their relation with the goal object a 
centive stimulus). It is this zelaie 
ship between the incentive stimulus 2 a- 
other stimuli in the experimental situ 
tion that constitutes the expectancy as 
The expectancy will be conceive ions 
a power of a relation between relat! re- 
which hold between stimuli and sa 
Sponses, i.e., the expectancy is seen pn 
relationship which holds between Ter 
relations which take stimuli and ela- 
sponses as arguments. First, the ™ a 
tion evokes, which holds betwee j 
stimulus complex and a response eae 
plex, will be considered to be irrefle™ ar 
and asymmetrical. Second, the gr 
tion leads to, which holds betwee? 5 
Sponse complexes and stimulus pa 
plexes, will be considered to Z ex 
flexive and asymmetrical also. T E aa 
pectancy will then be understood Jativt 
power (po) of the relation relation 
product holding between the re 
evokes and the relation leads to- ct is 
The notion of the relative ee 
introduced by Whitehead and on 
in their Principia Mathematica in Jative 
ter 34 of Volume I (6). The re 


5 
term 
+The arguments of a relation are the 
that are related by that relation. 
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a be a relation between two rela- 
the a there is some term to which 
aes ers of the domain of the first 
oe oes oo by the first relation, 
Tersedia ic the members of the con- 
elated b ap of the second relation are 
oe y the second relation. That is 
io if we let “R” and “S” denote 
Kie and “(R/S)” denote their 
Te e product, then the relative prod- 
may be defined as 
ee = på (Ay) xRy- yS2} 
tion He of a relation is the rela- 
Bite sews = two terms when one is a 
from the er of relation steps removed 
who sa other. We quote Woodger 
relation» of the relation: “Ryo is the 
of s being related by some power 
can be y hus we have *Rpoy when y 
number eached from æ in some finite 
of R-steps, i.e., when 


*Ro-vRay. <... "Ry 
(7 or e(RURURU ---)9” 
P. 39). Rp is defined as follows: 


Riis 
Po = Ds$${ (u) r 
(Ru C u. Ra C u) D yet} 


Bc 
i Nida the relation of x to y if it 
be, if Re a that, whatever class # may 
‘£ are n are included in w and if the 
ba ncluded in x, then y € u.” 

tion, r now ready to start the deriva- 
ullian Oo necessary first to find in 
€ relati eory the relation evokes and 
elation, on leads to. The first of these 
of isa easily found in postulate 11 
late cibles of Behavior (3). Posti- 
tive të: asserts “The momentary effec- 
Ceeq , ction potential (sHp) must e- 
Ore a sti reaction threshold (sZr) be 
COR T ulus (S) will evoke a response 
ation ey his postulate provides the T°- 
Note bel okes, although the reader will 
Wo ian that we have taken only the 
Ynboyje ment of the postulate. The 
€ statement given in Principles 
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of Behavior’is defective and we prefer 
the sentence of assumption 5 to the one 
listed by Hull in his book. This postu- 
late 11 is now contained in the B part 
of the 14th postulate in the new postu- 
late set (4). 

The notion of a response leading to 
a stimulus complex is not so easily 
found. This notion does not appear 
explicitly in Hull’s theory, although it 
is introduced informally (and inciden- 
tally is assumed by many of the stu- 
dents of Hull—and students of students 
of Hull). For example, the diagram 
on page 96 of Principles of Behavior 
implies that response may lead to 
stimulation. Also in some of his earlier 
work, see especially (2), Hull assumes 
that response will lead to stimulation. 
At this point, then, two courses are 
open: (a) One may proceed on conven- 
tion and simply assume that the Hul- 
lian theory contains the notion of a re- 
sponse’s leading to stimulation. Or, 
(b) one may stay within the formal 
theory and derive this notion by the 


method of substitution. The latter al- 


ternative has been chosen in this case 
for the reason that it is desirable to 


remain within the theory in the present 
pite the wide ac- 


derivation, and, desi 
ceptance of the convention mentioned 
the acceptance of 


in alternative (a), 
this convention goes beyond the formal 
theory. It was felt that it was better not 


to go beyond the theory in cases where 


it is desirable to show that the theory 


(the formal theory) contains the no- 
tions with which one wishes to work. 

Corollary XII in the chapter on In- 
hibition and Effective Reaction Poten- 
tial asserts: “Whenever conditioned re- 
actions are evoked, whether reinforced 
or not, reactive inhibition (Zr) is gen- 
erated” (p. 290). We shall substitute 
in this corollary the notion of a stim- 
lus complex for the notion of reac- 
tive inhibition, obtaining the following 


lemma: 
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Lemma I. Whenever conditioned re- 
actions are evoked, whether reinforced 
or not, stimulus complexes, are gener- 
ated. We may now define the notion 
of a response leading to stimulation as 
equivalent to lemma 1 


Following is a list of the assumptions 
which are necessary for the derivation 
which follows: 


1. The logical type of the symbol which 
enotes reactive inhibition is the same as 


notes stimulus complex, 
is necessary for the justification of the 
substitution through which we arrived at 
I from corollary XII. 

2. Assume an experimental situation such 
that the stimulus complexes may occur in 
serial order, and assume also a succession 


of trials in this experimental situation. The 
serial order may be tem 


may be temporal and spatial, 
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š ion po- 
3. Assume that the effective BE 10 
tential of responses with which w agent 
deal is in excess of the reaction 
in each case, R ement 
4. Assume the notions of reinforc 
and secondary reinforcement. 
5. Assume postulate 11. 
6. Assume corollary XII. A 
7. Assume that if the i stim he 
a response, then this response 1S A 
sponse, 3 Jea 
8. Assume that if the i reponn i+ 
to a stimulus complex, then this 
Ist stimulus complex. ify prop- 
Assumptions (7) and (8) aie 
erties of the experimental situa 


f fo 
“R? yn and so forth be variables 
number signs, 


i occurring stimulus complex, tion, a” 
Sa” denote the stimulus complex at the beginning of the experimental situa 
the s Occurring stimulus complex. 
Sir;” denote “the stimulus complex s; evokes the response r,,” 
rsx” denote “the response r; leads to the stimulus complex sp.” 
e symbolic statements of the necessary assumptions follow: 
Assumption 3, (3, k)s;Er; > S;Lry 
Assumption 5: s;Ēr; > s;Lrř. D -Sybr; 
Assumption 6, (): (Ay) eR yeFp. D .Ex D Gy 
Assumption 7, G, k) sor D j=k 
Assumption 8. G, k) raps, Jk=jt Í 
Derivation: : a) 
Postulate 11 sË, > sil. D .s; 5 (2) 
Assumption 3, (Spec.) sir; > s;Lr; (3) 
(1). (2). Modus Ponens Spr; a) 
Corollary 12 (x) : (Ay) -xeR.yeIr. D .Ex D Gy (5) 
(8). LS/Te, 2/y, MG/G] (4): Cas) eR eS. 2 -Es D aGu)z 


6 
(5). (Concretion) (2): (Az). xeR.zeS. D .Ex D Gz O 
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p rss = ps (X): (As) xR; RS: D .ExD Gs (7) 
ps rs: (8) 
9.8 S3G1 5. raSi 3 (9) 
(9). [j/i.k/7] Siderits (10) 
(9) Lj .k/i] supra re (11) 
©).0s/j.1/2] ae (12) 
(12). (11), (10). (9). Sete PbS. « S1OTL TSE: m 
Assumption 2) Sigh i rysi- Szori THIS 

Define? gi = pjsnsn{ (Arm)? Sml m -mY Sn} (14) 
». (14) 5a(o|W)51-- - .5i(o|W)se 

se(o|W)s;-si(6) [Ws (15) 
D sa (Ø |Y) posi (16) 


i) is a relation between the rela- 
o ; “Yokes and the relation leads 
Produc? (16), which is the relative 
Ca of these two relations, is the 
is p ctancy. It will be noted that (15) 
Just as good as (16), indeed, it 1S 
thas oo deal more expressive. One 
Ba think of the process of expectancy 
in lopment as a process which results 
in 2ging more stimulus complexes 
Stim, a particular relation with the goa! 
ulus (incentive stimulus). The i 
nancy, as it is developed in the pres- 
Sp Case, is a relation mediated by = 
nae taking stimulus complexes 
Suments, A 
n the quotation from, Toa a 
fol Second paragraph of this is Js 
0 Owing phrase appears: oe ee 
is a sign-gestalt-expectancy A ee 
tio, $ ready either as a resu AR’ 
ie (qv.), mnemonization i 
a some si 
i e r E rara hese three 
OMmerce . . . .” Each of the 
i roduct 
maabis is the definition. ofp oF ates a 
uy ch appears in Principis ao ai 
the symbolization nee yaa 
Purposes of the PY 


ception, mnemonization, and 
inference) designates a mode of sign- 
gestalt-expectation. The present writer 
takes the liberty of assuming that in 
any actual situation all three modes are 
active. It is assumed further that Tol- 
man is here referring toa completed ex- 
pectancy, such as might be similar to 
our (16). According to lemma I, it is 
reasonable to assume that during the 
development of the expectancy the 
mode of inference plays a very impor- 


tant part. 
At this point, a few remarks about 


lemma I might well be in order. It is 
obvious that this lemma depends upon 
corollary 12. If it should ever become 
necessary to drop corollary 12 from the 
theory, then lemma I would be elimi- 
nated. In such a case, if it were de- 
sirable to keep the present notion of 
expectancy, it would be necessary to 
make the statement that responses lead 
to stimulation a part of the formal 
theory. Such a statement in the form, 
of a postulate would be of great use to 
a theory like Hull’s. For example, 
such an assumption would allow the 


terms (per 
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derivation as a corollary of the postu- 
late of behavioral oscillation (postu- 
late 10) (3). 

The relationship between the notion 
of expectancy, as here presented, and 
the rest of Hullian theory must now be 
considered. Every useful construct must 
have an operational definition and must 
be related to other constructs in the 
theory of which it is a part. The 
beauty of such a derivation as that 
given above is that it necessitates no 
new additions to the list of operational 
definitions in a theory. The derivation 
Provides the necessary reduction chain 
to reduce the new concept (1). The 
reduction basis for expectancy in Hul- 
lian theory will be the same as that of 
sHp. The derivation also provides the 
necessary connections with other con- 
structs in the theory. Because the 
construct expectancy springs from sBp, 
it will automatically become connected 
with all of the Constructs in Hull’s 
theory which contribute to sEp, 

The present Paper will close with a 
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levels of analysis and not to any real 
fixed differences between approaches 
to the subject matter of psychology. 
Those individuals who begin wer 
relatively molar analysis of te p d 
nomena of psychology end up wit He 
relatively molar analysis of the an 
nomena they study. Those ne 
who begin with a relatively meee 
analysis of the phenomena of psyc a 
ogy may, if they utilize the pror 
techniques, also have a relatively ntl 
analysis of the phenomena they stu Jar 
The molecularites can have the mo 
cake and eat it too. 
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= bie Tolman (20, p. 290) de- 

havie a peculiar regularity in the be- 

a r of rats that was later labeled 
ntaneous alternation. 


ce T maze was used, and it was 
to the teat ia the animal could get back 
E Chose fE ox in identical fashion whether 
Eithe e left or the right angle of the 
[There ea route met with success... - 
oward va a very pronounced tendency 
left, ri ntinuous and regular alternation 
lett.’ ight, left, right, or right, left, right, 
where he appeared, in short, that even 
ere wa er side was equally “satisfactory” 
left pie in our rats a positive tendency 
a positi oward variation of response - - - 
ive tendency in and of itself. 


T 
edie after Tolman’s report, 
sive as alternation received inten- 
Workers a by Dennis and his co- 
Bators did lthough these early investi- 
into a is not incorporate their data 
imply on theory, Dennis (5) did 
some at spontaneous alternation was 
he wee determined by the stimuli 
title of ject faced. For example, the 
enano h article was “Spontaneous 
on in Rats as an Indicator of 
; noe of Stimulus Effects,” 
te i ean of his results, he 
cific out “a tendency to avoid a 
been th Pathway which has recently 
ae (5, p. 310). This for- 
taneoy suggests a theory of Spon 
S alternation in terms of the 


Wro; 
Spe 


a Chit 

tion a mee is based upon a Ph.D. disserta- 

wm nt itted in February 1952 to the de- 

beh fi of psychology at the University of 

Wa th É he writer is indebted to the mem- 

Ge et, ch committee and to Dr. Edward L. 
val airman of the committee, who gave 


Uable a; 
o : Ha 
É this Phe in the preparation and editing 


stimulus. The rat alternates from one 
alley (a set of stimuli) to the other (a 
different set of stimuli), going to Alley 
B because it has already experienced 
Alley A. The theory proposed in this 
paper develops and systematizes this 
basic approach. 

In direct antithesis to a stimulus- 
oriented theory is one which interprets 
spontaneous alternation in terms of the 
response. In a response theory, the 
animal is viewed as alternating re- 
sponses instead of alleys, i.e., making a 
right turn because it has already made 
a left turn. Many of the more recent 
investigations examined below have 
stemmed from this theoretical position. 


A CRITIQUE or RESPONSE THEORIES 
of spontaneous alterna- 
tion in terms of the response has been 
attempted by several Hull-influenced 
investigators: Heathers (9) using the 
concept of performance decrement; and 
Solomon (19) and Zeaman and House 
(23) using the concept of reactive in- 
hibition. According to both concepts, 
the occurrence of a response reduces 
temporarily the probability of its re- 
currence. The concepts were employed 
to explain both the fact of spontaneous 
alternation and the fact, predicted and 
demonstrated by Heathers (9), that 
spontaneous alternation disappears as 
the interval between trials increases. 
The concept of reactive inhibition, in 
addition, assigns an explicit role to the 
number of times the response is made 
and the amount of work required by 
the response. Thus, Zeaman and House 
(23) predicted and found that giving 
animals forced trials to one of two 
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alleys increased the tendeńcy to alter- 
nate to the other; Solomon (19) pre- 
dicted and found some positive but not 
conclusive evidence that increased work 
resulted in increased spontaneous al- 
ternation. 

Although these experiments seem to 
give considerable support to an expla- 
nation in terms of the response, a num- 
ber of facts remain that resist explana- 
tion by this type of theory. Typical 
of these are the following: 

1. Dennis (5) found that rats did 
not show spontaneous alternation from 
unit to unit of a multiple-unit maze. 
That is, they did not go right-left- 
tight-left within a single trial on a four- 
unit maze, but showed instead spon- 
taneous alternation in their successive 
choices at a given choice point. They 
might go right-right-right-left on the 
first trial and left-left-left-right on the 
second trial. This finding is in direct 
contradiction to the Prediction which 
should follow from a theory in terms 
of the response, 

2. Jackson (11)-found that the dif- 
ference between the two Possible re- 
sponses at the choice Point did nz af- 
fect the amount of 
nation. A Y maze with a small 
of Separation, requiring a choic 


e þe- 
tween two practically 


identical re- 


with a wide 


If the response 
were the key to Spontaneous alterna- 
tion, then differentiating the response 
should result in more alternation. 

3. Zeaman and House (23), using a 
procedure of ten forced trials followed 
by a free trial, and Walker? using 
simply two free trials, found that rats 
showed spontaneous alternation with 
intervals greater than an hour between 
trials. These findings disagree with 


2 Walker, E. L. Unpublished data. 
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expectations on the basis of reactiva ie 
hibition which is ordinarily ei 
to dissipate within a few minutes. A 

4. Wingfield (21) found that mee 
subjects showed more imac 
ternation in choice of lights that di the 
in color than of lights that were cate 
same. Something in addition to a: 
sideration of the subject's par a 
seems to be demanded by this fin a ‘A 

5. Dennis (5) varied the ong in- 
work for rats running a maze y an 
creasing the length of the final REE 
from zero to 38 ft. but found no teria. 
in the amount of spontaneous g ex 
tion. It would seem reasonable from 
pect that the reactive a ante 
the added run of 38 ft. should rom 
the effects of reactive inhibition ht 
the momentary act of turning "g 
left. 

These difficulties suggest a 
cht be fruitful to turn to the c05 
struction of an explanation in d out, 
the stimulus. As already pome ex- 
Dennis (5) anticipated this type j 
planation. Recently perpen net find- 
17, 18), on the basis of empirica” © ne 
ings of his own, has questione spon- 
reactive-inhibition explanation of h 
taneous alternation and prop vendenc 
concept of an exploratory ten ath- 
which is reduced by exposure to 4 P! has 
way of the maze. Berlyne (2) rios- 
Presented a similar construct, a C sity 
ity drive, designed to explain curi if- 
in rats. (Working toward a very per- 
ferent goal, that of ag ome i 
ception and attention as “respons also 
Hullian theory, Berlyne (3) has that 
sketched the outlines of a theory th 
displays some points of similarity tO 
formulation presented below.) 


it 


to 
3 Reactive inhibition has to þe assumed i 
disappear quickly in order that it prea 
other theoretical commitments, (See Zea 
and House [23].) 


SPONTANEOUS ALTERNATION AND RELATED PHENOMENA 


A Tue 
HEORY IN TERMS OF THE STIMULUS 


stall assume that, with continued 
same eis an environment—to the 
less actiy, wi—the organism becomes 
an eye rg in that environment. With 
a several experiments (5, 9, 19, 
t e disa assign a specific role to time in 
effect aims of this boredom-like 
is in ie moreover, the explanation 
expected 5 of the stimulus, it would be 
Situation ot boredom” created in one 
i ei carry over to other simi- 
similar ee and that the more 
aoe o environments are, the greater 
stlyover, 
9 Roe ideas to form the con- 
ow Fi agua satiation, we shall 
sent th ull’s procedure (10) and pre- 
of a e basis of the theory in the form 
Postulate. 
p new postulate may not only en- 
the Sel to circumvent the difficulties of 
will ee explanation but 
therm So yield novel predictions. Fur- 
ore, it may serve to interrelate 
e Plain empirical results from @ 
er of apparently unrelated areas. 
he postulate reads as follows: 


Stry 
foll 


E . . 
NA moment an organism perceives a 
Bevel Us-object or stimulus-objects, A, there 
to 4 ops a quantity of stimulus satiation 


mulus satiation 
The 


an in- 


stein? same amount of stin 
total q S in each successive moment. 
easi mount developed is, therefore, 
ii R linear function of time. na 
` There is loss of part of each quantity 
rey mulus satiation in each eager 
Ne The amount of stimulus oe 
ing ng from each quantity is @ 


£ negative exponential function pi g 
w Stimulus satiation develope heed 
je., Če generalized to other SHMI 

ects B The amount of generalized oe 
US satiation is an inverse function of the 
’Scriminability of A 0” 
ted 


by Karsten’s work 


4 . 
Gay term is sugges 
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iv. The verious quantities of stimulus 
satiation combine additively. 

v. Stimulus satiation reduces the organ- 
isms tendensy to make any response to A, 

Definition 1. Generalization. When a 
change in behavior toward A results in a 
similar change in behavior toward B, all 
other things being equal, generalization has 


taken place from A to B. 
Definition 2. Discriminability. The ease 


with which a subject can be induced to 
make a different response to A than to B, 
all other things being equal, is called the 
discriminability of A and B. 


Two corollaries follow from the 


postulate: 
Corollary I. As long as an organism re- 


mains perceiving A, the amount of stimulus 
satiation it has to A at a given moment 
(that is, the total amount developed [i] 


minus the total amount lost [ii]), is an in- 


creasing negative exponential function of 


time. 
Corollary II. When an organism stops 


perceiving A, the amount of stimulus satia- 
tion it has to A ata given moment is a de- 
creasing negative exponential function of 
time. 

These corollaries are presented in Table 
1 and Fig. 1 with arbitrary values as- 
signed to the functions. 

Given the characteristics of various 
situations, the postulate yields a large 
number of deductions. A number of 
these for some basic types of situations 
are formulated and discussed below. 
For each deduction discussed, we will 
indicate whether or not it is crucial for 
the two theories, e.g., one in terms of 
the stimulus as against one in terms of 
the response, as well as state the nature 
of any existing evidence. 


DEDUCTIONS FOR APPROACH RESPONSES 
IN A Two-ALTERNATIVE SITUATION 

Spontaneous Alternation ` 
Let us start with a very simple situa- 


ap This situation is one in which S 
as evenly spaced, consecutive trials in 
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TABLE 1 


COROLLARIES I AND II ILLUSTRATED BY 
a = 100 e-d (WHERE n IS 


IATION, 
OBTAINING VALUES FOR StiauLus SAT 


THE NUMBER OF MoMENTS SINCE 
THE APPEARANCE OF THE STIMULUS)* 


Moments 
Sanaa Stimulus Present Stimulus Absent 
Quantity we tea are a 
1 2 3 4 5 6 z 
pone eS i seme ae F: 
Iı 100.0 36.8 13.5 5.0 1.8 7 3 3 
I, 100.0 | 36.8 13.5 5.0 1.8 7 7 
I; 100.0 36.8 13.5 5.0 1.8 118 
I, 100.0 36.8 13.5 5.0 29 
ZI, 100.0 | 136.8 | 150.3 155.3 57.1 21.0 7.8 


* Each row giv 
gives the total a; 


an apparatus that con 


tains two distinct 
areas, such as a sin 


gle-unit T or Y 


nd ends with its 
us, 

te a trial S has to 
O areas or alleys, 
be initially more 
tive to §. Dur- 


STIMULUS PRESENT 


= 


Fic. 1. Total amount 
absence of the stimulus-o 
figure, 


bject, 


es the history of a single quantity of Stimulus satiation as it de 
mounts of stimulus satiation present during a single moment, 


n 
; E colum! 
‘creases with time. Each 


. š ent. 
by Introducing reward or punish is 
A situation that has these oe eir 
tics will be called a simple two-a 
tive situation, imu- 
m 
The alternatives correspond to Pate: 
lus-objects A and B of the pos ne 0 
The S approaches and perceives be as- 
the two on each trial. It will Jterna- 
sumed that S, upon entering an a 
tive, “perceives” it ive, 
. tive, 
B $ perceiving one alterna 


‘ P it t 
builds up stimulus satiation to it 


STIMULUS ABSENT 


or 
5 nce © 
Tn, as a function of time and the presë is 
th 


Table 1 are represented by 
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= the tendency to respond to that 
on P De: The response considered 
E as mA i e response of approach, since 
that ally records and requires only 

response for completion of a trial. 


eee 1. In the simple two-alterna- 

choice T ion, the subject will alternate 

Verifi armas or alleys in successive trials. 
tified; not crucial. 


Pos is the simple fact of spontaneous 
an nation which has been repeatedly 
23) onstrated (4, 5, 9, 11, 19, 20, 22, 


ete a 2. In the simple two-alterna- 
tween RE if there is an exchange be- 
cues that aol stimulus-objects so that the 
are on th were on one side of the S now 
erate 7 other, and vice versa, 5 will al- 
cessive E to stimulus-objects in suc- 
o; San s. This will mean a repetition 
respon ses rather than an alternation of 
ises (turns). 
erified; crucial. 


Tite, 4 
oat key deduction since it con- 
ive-inhibi stimulus satiation and reac- 
timulus ition explanation most sharply- 
uction satiation theory predicts a re- 
erea. in alternation of response, 
Ponse , a theory in terms of the re- 
The predicts no decrease. 
Shaped author (8) ran rats in a Cross- 
north maze with two starting boxes 
rth and south), making it possible for 
e teint start from one starting box for 
OX for ane from the opposite starting 
e fond next, When this was done, 
Was rey, ion of the alleys relative to s 
ite ypeversed: the alley that had been ®? 
for TH during Trial 1 was on its left 
coug 2: By thus shifting stimuli, it 
mals alt, determined whether the ani- 
by „alternated responses as require 
i reactive-inhibition explanation 
lane as required by the stimulus 
rer n explanation. . 
e h rats were given two 1m- 
Sigh Ps Y consecutive trials a day for 
ays. On four of the days both 


Or a 
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trials were from the same starting box; 
on the other four days the trials were 
from opposite starting boxes. As pre- 
dicted above, the animals tended to re- 
peat (i.e, go right-right or left-left) 
rather than alternate their responses on 
the days that the cues were shifted. 
This indicates clearly that they were 
alternating alleys (stimuli) rather than 
turns (responses). A similar experi- 
ment has been described by Mont- 
gomery (18) who reports results con- 
sistent with these findings. 

Deduction 3. In the simple two-alterna- 
tive situation if an extended series of con- 
secutive trials is given, the tendency to- 
ward spontaneous alternation will be at a 
maximum for the first pair of trials, and 
will decrease to a minimum in later trials, 
This decrease will be called cumulation- 


effect. 
Tested but not clearly verified; not 


crucial. 

In a series of consecutive trials in a 
two-alternative situation, if the first 
trial was to alternative A, then the sec- 
ond trial would be to alternative B (De- 
duction 1). There would be two stimu- 
lus satiation curves then: one for alter- 
native A starting from the first trial, 
and continuing its rise through later 
trials to alternative A; the other for 
alternative B, starting from the second 
trial. Since, according to Corollary I, 
curves of stimulus satiation are nega- 
tively accelerated, the two curves would 
approach each other in the later trials. 
The difference in amount of stimulus 
satiation to the two alternatives would 
therefore decrease as illustrated in 
Fig. 2, leading to the predicted decrease 
in spontaneous alternation. 

Although results from Wingfield and 
Dennis (22), Heathers (9) and the au- 
thor (7) show the general trend to- 
ward decrease in spontaneous alterna- 
tion from first to last trial in a series, 
the data also show reversals and con- 
siderable irregularity. 
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Zin 


END OF TRIAL: I 


Fic. 2. Total amount of stimulus sa 


alternating trials, 

distance between the 
odd-numbered trials 
tervals have not been 


The inconclusive n: 


data may result 


drawn. 


the series, The £ therefore s 


pattern of choices 


results would be expected, then, 


following deduction, 


Deduction 4. In 
tive situation, if a 
secutive alternation 


toward spontaneous 
Not tested; not c 


Order to co! 
throughout, 


the simple two 
number of for 


trials is 


rucial, 
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2 


ative each trial in 


oon loses 


variable, the num- 


ntrol the 


-alterna- 
ced con- 


aon given, as the 
number of trials Increases, the 


alternation di 


tendency 
‘creases, 


tiation, 5 
e curves, approaching their limits, ca 
curves) in the amount of 


are to A, even-numbered to B. 


3 4 5 6 


ive 
5 in successiv 
Th, to two alternatives, A and B, in ae (the 
use a decrease in the diem 
stimulus satiation to the two epe d in- 
Decreases occurring during inte: 


e 
Now we turn to consideration ye 
role of generalization, On the ree 
Part iii of the postulate, the predi E 
could be made that the more discr the 
nable the alternatives, the prenten 
“mount of spontaneous alterna eave? 
isctiminability can be Lage ee oi 
eral methods. One is to elimina 


: two 
add cues that differentiate the 
alternatives. 


na- 
Deduction 5, Tn the simple eine 
tive situation, as stimuli differentia oe al- 
alternatives are eliminated, spontane 
ternation wil] decrease, 


Tested but not verified; crucial. 


7) 
A study on this by the author (5 
comparing spontaneous a. 
mazes with many and few result? 
tiating cues yielded negative È a 
In that experiment, however, her the 
have been inadequate control intra- 
differentiating cues, since only 
maze cues were varied, 
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mee discriminability is a function of 

a as well as the environ- 
, the following deducti 

Pals g ctions can also 


D i " 

Be: at 6. In the simple two-alterna- 

Eii uation, if the ability of the organism 

ks criminate is reduced, spontaneous al- 
ation will decrease. 


oa conditions of the organism 
Bate a affect its ability to discrimi- 
age We jes may be singled out on the 
organ Eea studies. One is sense- 
injury (is) and the other is brain- 
Eesi ). If these conditions may 
then the a to reduce discriminability, 
tions ollowing more specific deduc- 
may be made.® 


D ~ 
“hae 6a. In the simple two-alterna- 
Sense-or =e the greater the extent of S’s 
Spontane n damage, the less the amount of 
SE eous alternation. 
ed tested; crucial. 
ee In the simple two-alter- 
’s brain oe the greater the extent of 
SPontaneo lamage, the less the amount of 
erifi ys alternation. 
tied; crucial. 


Certa: 
Si hee of Krechevsky’s (13, 14) re- 
tha cot this deduction. He found 
Choicg ain-operated rats perseverated in 
tha; Of one of two paths much more 
id normal rats. His situation de- 


Scrib 
cated p below was somewhat compli- 
Tange ut the basic two-alternative ar- 


pia was employed. 
we turn to the effects of time 


Spo 
taneous alternation. 


educt; 
tative cuon T. In the simple two-alter- 
ftia in tion, as the interval between 
tera cases, the amount of spontaneous 


al 
Verified: decreases. 
> Not crucial. 


i 
Part i deduction follows simply from 
š Of the postulate. It has been 


Strici 
we 9 cf speaking, Deductions 64, 6b, 15 
tive Sup] or situations in which there is em- 
Ragen Bee for the stated relationship Þe- 
ility, in or receptor injury and discrimi- 
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verified by°Heathers (9) who found 
that, as the time interval between trials 
increased from 15 sec. to 15 min., spon- 
taneous altérnation decreased from 86 
to 50 per cent (chance). It is also 
verified by Zeaman and House (23) 
who found a decrease over a period of 


24 hr. 


Deduction 8. In the simple two-alterna- 
tive situation, the more highly differenti- 
ated the alternatives, the longer the time 
interval between trials necessary for the 
disappearance of spontaneous alternation. 

Not tested; crucial. 


This may, in part, explain the widely 
discrepant data that have been ob- 
tained concerning the effects of delay 
on spontaneous alternation. For ex- 
ample, Walker,’ using a highly differ- 
entiated Y maze, found spontaneous 
alternation with intervals longer than 
an hour. Montgomery (16), who took 
special care to keep his alternatives 
alike, found that spontaneous alterna- 
tion disappeared with intervals as short 
as 90 sec. 
Now we turn to an implication of 
Corollary I, that the longer the time the 
organism perceives a stimulus-object 
A, the greater the amount of stimulus 
satiation to A. 

In the simple two-alterna- 
S is detained in one alter- 
t of spontaneous alterna- 
Iternative on the follow- 
the longer the time 


Deduction 9. 
tive situation, if 
native, the amoun! 
tion to the other a 
ing trial will be greater, 
of detention. 

Not tested; crucial. 

The apparent contradiction between 
Deduction 9 and Deduction 7 may be 
resolved in the following way. In De- 
duction 7, the concern is with “interval 
between trials,” an interval spent out- 
side the alternative chosen, whereas in 
Deduction 9, the concern is with a time 
interval spent within the alternative. 
These distinctions can be kept clear in 


6 See footnote 2. 
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the formulation of a new deduction in 
terms of the interval between choices. 


Deduction 9a. In the simple two-alter- 
native situation, with the time interval be- 
tween choices constant, the greater the pro- 
portion of time between choices spent in 
the presence of the chosen alternative, the 
greater the amount of spontaneous alterna- 
tion on the succeeding trial. 


Deductions 7 and 9 can now be com- 
bined in the following. 


Deduction 10. In the simple two-alter- 
native situation, if S is delayed between 
choices and this delay occurs within the 
alternative last chosen, S will show more 
spontaneous alternation than under a con- 
dition of no delay. If, however, S is de- 
layed between choices and this delay occurs 
outside the alternative last chosen, S$ will 


show less spontaneous alternation than un- 
der a condition of no delay, 
Verified; crucial, 


The author (8) found that when rats 
were detained in the end box of the al- 
ternative chosen in the first run in a 
T maze, 96 Per cent of the group 
showed spontaneous alternation on the 
following trial, When they were kept 
in other parts of the maze at the end 
of their first Tun, between 36 and 68 per 
cent of the group showed spontaneous 
alternation, When they were not de- 
tained, spontaneous alternation varied 
between 72 and 88 per cent. 


In the simple two-alter- 
TE S is given forced runs 


alternatio, 
subsequent free-choi ial, ik 


Verified; not crucial, 


This procedure js basicall 
as that involved in Deduc: 
Deduction 11 the animal 
stimulus satiation duri 
to one alternative; in Deduction 9 it 
does so during a peri 
within the alternative, 


y the same 
tion 9. In 
builds up 
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House, deriving their hypothesis mop 
the reactive-inhibition postulate, veri 
fied Deduction 11. í 

The amount of spontaneous alterna- 
tion obtained by each of the two hes 
cedures, by forced trials and by deio 
tion at the alternative, may now, al 
compared to yield a clearly critic 
deduction. 


Deduction 12. In the simple ponr 
native situation, detention of S for a gi en 
period of time at the alternative last cho 
will yield larger amounts of spone a 
alternation than will a series of for e 
trials to one alternative over the same P 
riod of time. 


Not tested; crucial. 


In the forced-trial procedure, as Co™ 
Pared with the detention procedure, f 
being taken from end box to a" 
box, spends a smaller proportion of pus 
time within the alternative itself. T 


+ lus 
S has less time to develop stimu 
satiation. 


jqble 
Variability (Preference for Varia 
Situations) 


An important variation of the ae 
alternative situation is one in which hi 
cues of one alternative are varied W nt. 
the cues of the other are kept consth a 
This type of situation has been ere y 
gated in two studies of “variabilis. 
Krechevsky (13, 14) used a two-alter 
native maze, both arms of which ar 
tained a number of turns. One from 
could be varied in pattern of turns con“ 
trial to trial. Both variable and that 
stant arms were constructed a an 
there was an equal number of righ 
left turns within each arm. ents 

Three different maze arrangeni 
were used: a long varying eee 
short constant path (13); a short (14); 
ing versus a long constant path stant 
a long constant versus a short creche” 
Path (14). In each of these Krete, 
sky ran two groups of rats, one Ea. 
normal and the other brain-opera 


Je 


a 


i) 
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" oie a situation, stimulus satiation 
te e alternative will be re- 
a y its division among the differ- 
ieee of the varying alternative. 
the pain a situation exists in which 
ae ant alternative A is opposed 
- amily of alternatives B,, Ba, Bs, 
at <A n whet a A bears the weight 
duting e stimulus satiation built up 
Rieu, exposure to it; the family of 
Ea An B divides stimulus satiation 
S variations. 


Co; 
a III. If an alternative is varied 
tion wil taht ig then less stimulus satia- 
: e : > 
variation a up to it than if no such 
educti i . 
native n. 13. In the simple two-alter- 
'S varied eg if one of the alternatives 
tept ¢ rom trial to trial and the other 
Varied alresranty then S will prefer the 
| alternative, 


er m A 
ifed; crucial, 


This ; 
14 ing verified by Krechevsky (13, 
his eno jeri of the results for 
icteq =. ea shows that the pre- 
cause Ss k erence is strong enough to 
When itio, prefer the varied path even 
follo, the longer path.” 
lu ia that the division of stimu- 
the dan among the variations of 
degree af at alternative depends on the 
tions, °, discriminability of the varia- 
a ess H the variations become less 
he coteta a minable; the condition of 
Chang, Stant alternative, i.e, of no 


> 1S approached. 


tro rollay y 
M Y IV. Tf an alternative is varied 


the , trial 

e TOi iso 
lus Variation, trial, the more discriminable 
te Sttiation the less the amount of stimu- 
"Native that will be present for the 


t 


in , Tech, 

te evsky?, , E 
theg, "ms sae findings cannot be explained 
eactive inhibition or any other 


Doi i 

Mte, ter 

$ that 0 a of the response since, § 
pbt e a ier, the mazes were designe 
ave “nd rm had the same number © 
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: 

There wére indicated earlier two 
ways to reduce discriminability: reduc- 
tion of the number of distinguishin 
cues of the’ perceived objects and a 
pairment of the sensory or nervous sys- 
tems of the Ss. Consideration of these 
methods leads to the following deduc- 


tions. 


Deduction 14. In the simple two-alter- 
native situation, the preference for a vary- 
ing alternative (as opposed to a constant 
alternative) will be greater, the greater the 
difference between variations. 


Not tested; crucial. 
Deduction 15. In the simple two-alter- 


native situation, brain-injured Ss will show 
less preference for a varying alternative 
(as opposed to a constant alternative) than 


will normal Ss. 

Verified; crucial. 

In Krechevsky’s studies (13, 14) the 
normal animals preferred the varying 
alternative more strongly than did the 


operated animals. 
Finally, it can be deduced that the 


greater the number of variations that 
share the stimulus satiation, the less 
the amount present to each. 

In the simple two-alter- 


the greater the number of 
ter the preference for 


Deduction 16. 
native situation, 
variations, the grea 
the varying alternative. 

Not tested; crucial. 


DEDUCTIONS FOR THE MULTIPLE- 
ALTERNATIVE SITUATION 
w generalize the deduc- 
tions to apply to situations with more 
than two alternatives. For example, 
let us apply the postulate to the be- 
havior of S in the three-alternative 
situation. The S, after choosing one 
alternative, will build up stimulus satia- 
tion to it. Upon returning to the choice 
point for a second trial, S will probably 
choose a new alternative since respon- 
siveness to the first choice has been 
reduced. If returned again to the 


We may no 
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choice point, S$ will probably choose the 
“unsatiated” third alternative, 


Deduction 1’. In a simple multiple-al- 
ternative situation, S will choose many al- 
ternatives in a series of consecutive trials. 

Definition 3. Many alternatives mean 
more alternatives than could reasonably be 
expected on the basis of chance. 


Deduction 1’ is verified by the find- 
ings of Wingfield and Dennis (22) on 
the number of different paths chosen by 
Tats running four trials on a four- 
alternative maze. 

Deduction 1 appears as simply a 
special case of Deduction i 


by changing “two-alternative” 


; to “mul- 
tiple-alternative” and ‘ 


‘spontaneous al- 


» Of particular interest, co 
cumulation effect of u 
5 and its 
native sit 


ncerns the 
Deductions 3 and 
n multiple-alter- 
i the decrease in 
ne te Oose many alterna- 
tives in an extended series of trials, 


Deduction 17’. Tf 

3 . th 
multiple-alternative hee 
them h 


native A and then 
en B again, rapidly 


Murray GLANZER 


building up near-maximum amounts of 
stimulus satiation to both alternatives. 
According to Deduction 1’, the S, in a 
three-alternative situation, visits A then 
B then C and then A again, B agani 
and C again. The time between Sia 
cessive visits to the same alternative p 
longer, thereby delaying the onset © 
maximum stimulus satiation for we 
single alternative. It will consequently 
take more time to reach the perio 

When differences in the amounts a 
stimulus satiation present for the vat 

ous alternatives approach zero. 


£ 
DEDUCTIONS For “FREE” PROCEDUR 


Deductions have been drawn be F "3 
only for the procedure in bint 
makes a choice and then is returned ext 
E to the Starting point for the ee 
trial. Another procedure, which one 
shall call the “free” procedure, 15 ices 
that allows S to make as many a ae 
as it will for a given period of me 
The S makes a choice and then retos 
itself to the choice point for its E 
choice. When employed without 
wards, this is the standard procedure ', 
the study of “exploratory behavior. 

Exploratory behavior may now an 
derived from the stimulus ur 
postulate. The deductions can be ore 
ther generalized to cover this ™ 


complex procedure so that piro 
behavior, like spontaneous aler he 
becomes a special case governed W 
postulate. The word “choice re ince 
the word “trial” in the cen jal 
we are no longer concerned with dure #8 
as defined earlier; and the proce 
no longer called “simple.” t bee? 
Most of the deductions have PO phos 
tested in the “free” procedure. us 2 
8 The relationship between spontane ointed 
ternation and exploratory behavior Mee e for 
out by Tolman (20) who explained Te jow 
mer in terms of the latter. We, howe oratory 
both Spontaneous alternation and exp: der 


behavior as manifestations of a single 
lying factor, 


tor, y 


ate- 


N 


SPONTANEOUS ALTERNATION AND RELATED PHENOMENA 


fi i h 

a which there are relevant data have 
EP ana For example, there is the 
c ng deduction i i 

E ction involving cumula- 


ee ze In the multiple-alterna- 

aS n, if an extended series of con- 

a oices is given, as the number of 

Glioos ices increases, the tendency to 
e many alternatives decreases. 


tae aes been verified by Dennis 

a Ollenberger (6) and later by 

a ag (17). Both studies found 

in a fewer and fewer alleys 

oo ‘ge periods of free exploration. 

ere a er deduction for which there 
ata is the following: 


D " 
ee 17". If there are two multi- 
as a native situations and one of them 
the Ae number of alternatives than 
Smalle? then the cumulation effect will 
er and develop more slowly for the 


e 
situati 

„uation wi 

tives, n with a greater number of alterna- 


T . 
a hoe also been verified by Dennis 
(17), et (6) and Montgomery 
Sliciteg hey found that larger mazes 
elicit a more activity and continued to 
time aed over a longer period of 
Mazes 0 did small mazes. Larger 
4 Rteater considered here to contain 
er number of alternatives. 


OSsq 
BL 
E APPLICATIONS OF THE THEORY 
To Human SUBJECTS 


Alth 
teas a most of the work in the 
He ont er consideration has been car- 
“vi With rats as Ss, there is some 


S 

F conan obtained from human Ss that 
The ia nt with the postulate. 

itetative est analogue to the two- 
ae? s al situation that elicits spo? 
t Ud y ternation in rats is found in a 
plge v Wingfield (21) who required 
at of li udents to turn on one of a 
d © Ss ghts. In a series of four trials 
âteq oe only spontaneously alter- 
© lights they chose to turn 0n 
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. 4 
(Deduction “1) but also showed more 
spontaneous alternation on the first 
pair than on the second pair of trials 
(Deduction ’3) and more with lights of 
different hue than with lights of the 
same hue (Deduction 5). 

Karsten’s (12) work on the phenome- 
non which she calls “satiation” (Sät- 
tigung) is of particular interest. She 
had her Ss perform repeatedly such 
tasks as drawing lines or tapping.° 
This activity produces repeated experi- 
ence of certain stimulus-objects, e.g., 
lines drawn, and can therefore be con- 
sidered a case covered by Deduction 
13”. This deduction can be considered 
to predict Karsten’s finding of the Ss’ 
resistance to continuing the task as well 
as their variations from the prescribed 
activity2° The phenomenon of cosatia- 
tion (transfer of satiation symptoms to 
new and similar tasks) could also be 
predicted from part iii of the postulate. 
A further finding by Karsten sug- 
gests the relevance of the postulate to 
the problem of fatigue. Symptoms of 
satiation, including the Ss’ inability to 
move their arms, disappeared when the 
grouping of the lines being drawn was 
changed even though the required mus- 
cle movements remained the same. 
This recalls two things: part iii of the 
postulate and the recent emphasis on 
factors other than simple muscle states 
in understanding the phenomenon of 


fatigue (1). 
SUMMARY 


Because the reactive-inhibition expla- 
nation of spontaneous alternation in 
rats seems inadequate, a new theory in 
terms of the effects of continued ex- 
posure to stimuli is proposed. This is 

9 Berlyne (3) handles these data in the same 
way in his expansion of Hull’s theory to in- 
clude perceptual “responses.” 

10 The Ss’ resistance also 
the form of inattentiveness and 
of these symptoms could be pre 


pasis of Corollary I. 


expressed itself in 
“fatigue.” All 
dicted on the 
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Presented in the form ofa postulate 
with deductions drawn for various as- 
pects of the simple two-alternative sit- 
uation and available eviderice for their 
validity presented. Following this, the 
theory is generalized to cover situations 
with any number of alternatives, and 
to situations that require other pro- 
cedures, including one that elicits ex- 
ploratory behavior, Finally the perti- 
nence of the theory to some aspects 
of human behavior is indicated. The 
postulate of stimulus satiation yields 
novel predictions and serves to unify 
under a single explanatory construct 
such diverse phenomena as spontaneous 
alternation, exploratory behavior, Kre- 


chevsky’s “variability,” and Karsten’s 
“satiation,” 
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ee representation of the tem- 
ae in, of improvement in per- 
Search BS" long been a popular re- 
ory. in the field of learning 
— uch curves have often been 
hisms pre as evidence for basic mecha- 
ing, E to be involved in learn- 
is ag i type of analysis 
the a If it can be shown that 
i T of simple associations 
Sar a ly always a sigmoid (or 
ites, iscontinuous, etc.) function 
tsidera z then one theory may gain 
mptive y more than another in pre- 

nfort bi 
ihe the type of curve 
Cates th used for this purpose indi- 
8toup ofS average performance of a 
tice, Th S at successive stages of prac- 
to basic ese curves are quite irrelevant 
Since th problems of learning theory, 
nly h eir forms are determined not 
indivigy pie forms of their component 
ibution. curves, but also by the dis- 
Bom, n the individual curves. The 
in a this second factor is illus- 
oid a ig. 1, where it is seen that 
oe curves tend to result 
in eal distributions of vari- 
distrib of individual curves.* When 
stron ution of individual curves has 
8 positive skew, the resulting 


No 


lin 
of 
Co. 
Su 


Ous 
t k 


r 
wip, distributed sigmoid individual 
give a similar average curves but 
has shown (in the context © 
ave curves) that the average curve 
e ay the same form as its comPo- 
y ee curve may not be expres- 
all of a tenths, for instance, even 
tenge `? has e individual curves are. Sid- 
st made this same point with ref- 


ds 9 th 1 
w~ Mena Batively accelerated function, 


average curve tends toward predomi- 
nantly negative acceleration. 

The only curves which bear directly 
on basic theoretical problems are those 
which represent individual instances of 
learning—single associations acquired 


dividual subjects. However, it is 


by in 
ual curves for 


difficult to obtain individ 
the simpler learning situations. Com- 
plex tasks such as motor skills, long 
mazes, or difficult syllable lists may 
give reliable individual curves, but they 
are not directly applicable to the more 
basic problems. Puzzle boxes, dis- 
criminations, and conditioned responses 
are learned so quickly that we can 
rarely get as many as ten reliable sam- 
ples of performance during the course 
of training. Group curves are acceptable 
substitutes only when we can assume 
that they are representative of their 
component individual curves, and this 
assumption is seldom justified. 

Failure of an average curve to rep- 
resent individual learning is due to in- 
dividual differences among the subjects. 
If the only differences are in speed of 
learning, the general form of the learn- 
ing function can be approximated rea- 
sonably well by a Vincent curve. How- 
ever, we can seldom justify the assump- 
tion that individual curves do not also 
differ in form. Even if homogeneity 
of form exists, the irregularity of indi- 
vidual curves makes it difficult to dem- 
In some cases, form may be 


ally related to learning speed, 
geested 


onstrate. 
systematic 
and Hilgard (2, p. 293) has su 
that separate Vincent curves should 
then be drawn for fast, slow, and per- 
haps intermediate learning—which is 
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Fic; 1, The effect of distribution 
hypothetical individual 


lines indicate discontinuity, 


Practical only if an ade 
subjects is available in 
essary speed Categories, 


ere Benerally heterogeneous groups 
i it is apparently impossi- 
actory average Curves 


SUES Can 
Xamining Smaller seg- 
ments of the learnin Process, and a 
method is available for plo ting average 
curves of such Segments.: T e general 
2A procedure very similar to the one de- 
scribed here has been use by Shuttleworth 
(4) in his study of the Prepuberta] Spurt in 
human growth, 


= | 


ow 
i i Light lines SRO 
on the forms of average learning curves. Lig’ 

curves; heavy lines show the re: 


er! 
ken vi 
sulting average curves, Bro 


illus- 
features of this method may Pa made 
trated by analysis of some oe mpsou- 
available by Mr, Robert ahin 
Forty rats Were trained in a criterio” 
discrimination problem, to a onses: 
of ten consecutive correct en : 
Motivation Was escape from wa y 
correction was allowed. for this 
he traditional average curv 3 where 
experiment is shown in Fig. fee 
each point represents 400 hee ig 
trials for each of 40 rats. oratories 
“Formerly with the Yerkes Lab ad 
now at the University of Texas. 


tion | er 
fans are based on the pe achiev" 
nO more errors would be made a 
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Trials 


Urva Bri e 
Urve Wa dared discrimination learning in rats. 
= 40) ; light lines are individual curves for the Ist, 


erion, 


lines 
i 
learnin, the same figure are individual 
304, 8 Curves for the Ist, 10th, 20th 
ig and 40th animals to reach crite- 
i hen 
Made for due allowance has been 
n ual cu the irregularity of the indi- 
Mat š pili the impression remains 
tted th Verage curve has grossly dis- 
fo the © individual data. In contrast 
Sto te, negatively accelerated, 
Sa 4 Passe the individual curves sug- 
Howe Mable period of no progress, 
Sightfypy Y Uniformly sudden (or “in- 
The earning. 
taise gorm of these individual curves 
inc ae “ Problem of how to plot an 
Tye Such rve which is capable of show- 
© Proposes abrupt rise to mastery. 
SY in a solution is shown graphi- 
ent Gas ig. 3. Here the individual 
hey Criterion, The “true” curve would be 
Ower, except near the origin. 


The heavy line is the average learning 
10th, 20th, 30th, and 40th rats to 


curves are displaced horizontally, so 
that their final points coincide. It is 
now possible to draw a single curve 
which does no serious injustice to any 
of the individuals. Such a curve will 


not tell us the average accuracy of per- 
at trial, but it will 


formance on the 
trials 


indicate the average accuracy ¥ 


before achieving the criterion. 
The actual construction of this curve 


involves plotting percentages for suc- 
cessive trials, not working forward from 
Trial 1, but rather working backward 
from the criterion. The heavy line in 
Fig. 4 is such a backward learning 
curve, each point representing the per- 
centage correct on a single trial, for 40 


o 


rats. 
Backward curves, like Vincent curves, 


should not be drawn through points 
based on the criterial trials or the im- 
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y 
The individual curves of Fig, 2, shifted horizontally 


TA 
Criterion 


40 60 80 100 120 

Trials (Ave. curve) n bori- 
average curve with the backward curve. T) 

Td curve was arbitrarily chosen: to mak 


t 
incide ”' 
e the two curves coinci 
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— 
= criterion 
v 
` 
` 
8 
o 
x 70 average 
Srockward 
60 
50. 140 160 180 2 
[go ao moneo oa ur ss 
Trials 
F 23 cases of visual discrimination Jearning by mon- 
0.5, average and backward crm fe From 30 to 393 ie ere ead 
© reach a i a barg AiG gactenive correct choices. (Data supplied by K. L. ow.) 
236). sirable to have one or more postcriterial 


Medi J 
atiately preceding trial (2, P- 
Cause of this restriction, it 

i ily to 

s Attainment of criterion is due petaen iio 
Subject’s increased ability, P which the 

Cri Jf the cri- 


is de- 


hee Part to chance fluctual 
terion we catches on the une hanee may con- 
tribut = Hot stringent, enog Grant 
arte more than ability- riat 
Ted tables from which approp 
aY be selected for discrimib ed in a 
If criterial trials are 4 Be a 
curve, “insightful learning | coins. 
strated in a group © toss?” rion is used 
hd take time if 4 stringent E heads 
m ins will eve? ining. 
oe eae 


trials, to represent the final stage of 
learning. A postcriterial point was pro- 
vided in this case by reanalyzing the 
data in terms of a criterion of nine suc- 
cessive correct trials, instead of the ten 
originally used in training. (If the rats 
had been trained with this analysis in 
mind, they would have been run for 
several trials beyond criterion, so that 


postcriterial slope, as well as level, could 
have been determined.) 


Coins differ from other species in showing no 
retention of the habit on postcriterial trials. 
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t 

Since some rats learned the problem 
very quickly, the curve can be carried 
backward only six trials from the cri- 
terion; before this point, progressively 
fewer rats would be included. Since 
our purpose is to examine only a small 
segment of learning, this is not a seri- 
ous disadvantage. If the curve could 
be carried further, the phase differences 
among individual subjects would be- 
come progressively larger, and the 
curve less valid—just as the forward 
curve becomes less representative as it 
gets farther from the first trial. 

This backward curve is intended to 
show just one thing—the course of 
learning in the immediate region of the 
criterion. Figure 4 indicates that in 
this experiment performance averaged 
little better than chance a few trials 
before the criterion, and that it rose 
through 80% 
trial to 95% 
individual cu 


Group data are co 
mmon] s 
geneous that ike y so hetero. 


average curve is bo, 


„earning, e answer is illus- 
trated in Fig. 5 which a 
and backwar curves Lg Coe 


ual learning, when it occurs, 

‘Discrimination learning | has bee 
used in these examples only Rei 
discrimination data happened fo he 


available. The general method js ap- 


plicable to other learning situations as 
well and could, in fact, be used more 
effectively in some other cases. In dis- 
crimination work the criterion must in- 
clude a number of trials which, since 
they are not used in plotting, leave 4 
large gap in the curve, between pre- 
and postcriterial points. This gap can. 
be reduced to one trial in conditioning 
or puzzle-box learning, where the am- 
plitude or time score for a single trial 
may be used as a criterion. g 
Although examples have been given 
of only one application of this method, 
it has more general possibilities. In 
addition to detecting sudden solution, 
it may be used to demonstrate other 
features (such as plateaus, peaks, °F 
spurts) which would be obscured in the 
customary over-all group curves. The 
criteria used in defining the segments 
to be plotted would not be criteria © 
mastery, in such cases, and practica 
difficulties might be encountered in de- 
vising criteria which would be reason- 
ably short, yet adequately reliable. 
Special analysis was not entirely ner 
essary in the examples given, ii 
many of the subjects learned so slow!Y 
that the sudden (or gradual) nature ° 
their final solutions was reasonably aP- 
parent in the individual curves. 
advantage of the method would 
greater in cases of faster learning: 
where usable individual curves cann 
be obtained. It has some utility E 
with slow learning, however, since larg? 
numbers of individual curves are cum 
bersome to deal with, and impractic® 
to publish. Í 
Speculation as to why the rats ° 
Fig. 4 learned so much more suddenly 
than the monkeys of Fig. 5 would h 
hazardous, since the two experimen ™ 
differed in many ways. It may wile” 
tually be profitable to look for the nigel 
of such differences, but only when ser 
cases of sudden learning are availab is 
Tt is hoped that the procedure SUS 


pe 


, wh 


SS 
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gested here may make some such cases 
manifest, which might otherwise remain 
latent in the form of inadequately ana- 
lyzed data. 


SUMMARY 


A method is proposed for plotting 
small segments of group learning curves 
In such a way that details are shown 
which would be obscured in the custo- 
Mary types of average curves. 

The method is illustrated by search 
for sudden solution in two batches of 
discrimination data. Sudden learning 
Was found in one case, and not in the 
Other. 

Suggestions are offered for other ap- 
Plications of the method. 
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A THEORY OF STIMULUS VARIABILITY IN LEARNING? 


W. K. ESTES AND C. J. BURKE 


Indiana University 


There are a number of aspects of the 
stimulating situation in learning experi- 
ments that are recognized as important 
by theorists of otherwise diverse view- 
points but which require explicit rep- 
resentation in a formal model for ef- 
fective utilization. One may find, for 
` example, in the writings of Skinner, 
Hull, and Guthrie clear recognition of 
the statistical character of the stimulus 
concept. All conceive a stimulating 
situation as made up of many compo- 
nents which vary more or less inde- 
pendently. From this locus of agree- 


Skinner ( 17) 
of variability 


e Writers? thinkin, 
and related lines has been 


stimulat i 
research has been facilitateq iy ed and their 
in an interuniversity Seminar in mat! : 
models for behavior theory aaa 
Tufts College during the summer of 1951 aid 
was sponsored by SSRC, 
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by others. Statistical theories of learn- 
ing differ from Hull in making stimulus 
variability a central concept to be used 
for explanatory purposes rather than 
treating it as a source of error, and they 
go beyond Skinner and Guthrie in at- 
tempting to construct a formalism ma 
will permit unambiguous statements O. 
assumptions about stimulus variables 
and rigorous derivation of the con- 
Sequences of these assumptions. 

It has been shown in a previous 
Paper (7) that several quantitative 45- 
Pects of learning, for example the ex- 
Ponential curve of habit growth regu- 
larly obtained in certain conditioning 
experiments, follow as consequences © 
Statistical assumptions and need not be 
accounted for by independent postu 
lates. All of the derivations were cat 
ried out, however, under the simplifying 
assumption that all components of y 
stimulating situation are equally likely 
to occur on any trial. By removing 
that restriction, we are now in a posi- 
tion to generalize and extend the theory 
in several respects. It will be possible 
to show that regardless of whether aA 
Sumptions as to the necessary condi- 
tions for learning are drawn from Cre 
tiguity theories or from reinforceme? 
theories, certain characteristics of the 
learning process are invariant with re 
Spect to stimulus Properties while othet 
characteristics depend in specific way® 
upon the nature of the stimulating 
Situation. 


THE GENERALIZED Ser MODEL: 
Assumptions AND NOTATION 


‘ a 
The exposure of an organism to he 
stimulating situation determines a $ 
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of events referred to collectively as 
stimulation. These events constitute 
the data of the various special disci- 
Plines concerned with vision, audition, 
etc. We wish to formulate our model 
of the stimulus situation so that infor- 
Mation from these special disciplines 
can be fed into the theory, although 
utilization of that information will de- 
pend upon the demands of learning ex- 
periments. 

For the present we shall make only 
the following very general assumptions 
About the stimulating situation: (a) 

he effect of a stimulus situation upon 
an organism may be regarded as made 
Re of many component events. (b) 
ane a situation is repeated on a series 
= tials, any one of these component 

mulus events may occur on some 
trials and fail to occur on others; as a 
five Seosuation, at least, the rela- 
cea air of the various stimulus 
d. when the same situation (as de- 
of experimentally) occurs on a series 
trials, may be represented by inde- 
i probabilities. We formulate 
1 se assumptions conceptually as fol- 
Ows: 
Eo With any given organism we as- 

Sate a set S* of N* elements.” The 
= aes of S* are to represent all 
fe bi stimulus events that can occur 
aa at organism in any situation what- 
aa with each of these possible events 
( responding to an element of the set. 
ke F or any reproducible stimulating 
A ation we assume a distribution of 

ues of the parameter 6; we represent 
zi 9 the probability that the stimulus 
of oe corresponding to the i element 

Occurs on any given trial. 


R : 
Dia n sequel, various sets will be desig- 
Driate y the letter S, accompanied by appro- 
, wi subscripts and superscripts. The letter 

d fies the same arrangement of subscripts 
the se setipts, always denotes the size of 


: It is assufned that any change in the . 

situation (and we shall attempt to deal 
only with controlled changes correspond- 
ing to manipulations of experimental 
variables) determines a new distribu- 
tion of values of the 6;. By repeating 
the “same” situation, we mean the same 
as described in physical terms, and we 
recognize that, strictly speaking, repeti- 
tion of the same situation refers to an 
idealized state of affairs which can be 
approached by increasing experimental 
control but possibly never completely 
realized. 

It is recognized that some sources of 
stimulation are internal to the organ- 
ism. . This means that in order to have 
a reproducible situation in a learning 
experiment it is necessary to control 
the maintenance schedule of the or- 
ganism and also activities immediately 
preceding the trial. In the present 
paper we shall not use the term “trial” 
in a sufficiently extended sense to neces- 
sitate including in the 0 distribution 
movement-produced-stimulation arising 
from the responses occurring on the 
trial. 

We have noted that the behavior on 
a given trial is assumed to be a function 
of the stimulus elements which are 
sampled on that trial. If in a given 
situation certain elements of S* have a 
probability 0 = 0 of being sampled, 
those elements have a negligible effect 
upon the behavior in that situation. 
For this reason we often represent a 
specific situation by means of a re- 
duced set S. An element of S* is in S 
if and only if it has a non-zero value of 
6 in the given situation. These sets 
are represented in Fig. 1. In this con- 
nection, we must note that a prob- 
ability of zero for a given event does 
not mean that the event can never 
occur “accidentally”; this probability 
has the weaker meaning that the rela- 
tive frequency of occurrence of the 
event is zero in the long run. For a 
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with non-ze 


more detailed 


the reader is referred to Cramér (5). 


e clearly understood that 


were present are 0, and r, respectively., 
Then the probability attached to this 


element in the situation with both com- 
ponents present will be 


9 = Oa + Oy ~ babs. 


of stimulus elemen 


re- 
to @ values for a given stimulating situation, and a iie 
The arrows joining elements of S to the response classes represen! 


explication of this point 
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a. 
Pa “F354 340 


ced 
ts, the stimulus space S*, the redu 


Tue Response MopEL 


The response ‘model formulated i 
Previous paper (7) will be used ion. 
without any important meses 
We shall deal only with the simple ¢ ee 
of two mutually exclusive and ore 
tive response ‘classes. The dager 
class being recorded in a given sl oe 
tion will be designated A and the ae 
plementary class, 4. The cere 
variable of the theory is the probah ra 
that the response occurring on a 8! we 
trial is a member of class A. It ax vent 
ognized that in a learning ag ne 
the behaviors available to the pe cal 
may be classified in many differ ð 
ways, depending upon the interest a 
the experimenter. The response © ny- 
selected for investigation may be el 
thing from the simplest reflex to a ger 
plex chain of behaviors involving m4 te 
different groups of effectors, Adequa 
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treatment of all levels of response 


` specification would require the formula- 


tion of a model for the response space 
and will not be attempted in the pres- 
ent Paper. Preliminary investigation 
of this problem leads us to believe that 
when a response model is elaborated, 
the theory developed in this paper will 
be found to hold rigorously for the most 
elementary response components and to 
a first approximation for simple re- 
Sponse classes that do not involve 
mig For experimental verifica- 
i of the present theory we shall 

to experiments involving response 
a no more complex than flexing a 
imb, depressing a bar, or moving a key. 


CONDITIONAL RELATIONS AND 
RESPONSE PROBABILITY 


R assume that the behavior of an 
se aa on any trial is a function, not 
sti the entire population of possible 
oe events, but only of those 
aes events which occur on that 
further, when learning takes 
Place, it involves a change in the de- 
ne of the response upon the 
a ilis events which have occurred on 
€ given trial. 
co Conditional relations, or for brevity, 
ae between response classes 
ou, stimulus elements are defined as in 
th er papers on statistical learning 
eory (3, 7), The response classes 
Pia A define a partition of S* into 
‘Wo subsets S4* and Sz*- Elements 
i ae are said to be “connected to” 
in conditioned to” response 4; those 
n Sz* to response 4. The concept of 
S Partition implies specifically that 
ei ery element of S* must be connecte 
ither to A or to A but that no element 
fed be connected to both simulta- 
me oe 2 Various features of the model 
e illustrated in Fig. 1- 


3 
be The argument of this section could as well 
given in terms of the set S as of S*, defin- 


9 
For each’element in S* we define a . 

quantity F;(7) representing the proba- 
bility that the element in question is 
connected fo response A, i.e., is in the 
subset S4*, at the end of trial n. The 
mean value of F;(n) over S* is, then, 
simply the expected proportion of ele- 
ments connected to A, and if all of the 
6; were equal, it would be natural to 
define this proportion as the probabil- 
ity, p(n), that response A occurs on 
trial n+ 1. In the general case, how- 
ever, not all of the 0; are equal and the 
contribution of each element should be 
weighted by its probability of occur- 
rence, giving 


B 0;F. (n) 1 
(1) p(n) = Eh T rer 6:F (n). 
It will be seen that in the equal 0 
case, expression (1) reduces to 


(2) p(n) = me F,(n) = E(Fi()) 


which, except for changes in notation, is 
the definition used in previous papers 
(6, 7). 

The quantity $ is, then, another of 
the principal constructs of the theory. 
It is referred to as a probability, firstly 
because we assume explicitly that quan- 
tities p are to be manipulated mathe- 
matically in accordance with the axioms 
of probability theory, and secondly be- 
cause in some situations p can be given 
a frequency interpretation. In any 
situation where a sequence of responses 
can be obtained under conditions of 
negligible learning and independent 
trials (as at the asymptote of a simple 
learning experiment carried out with dis- 
crete, well-spaced trials) the numerical 
value of $ is taken as the average rela- 
tive frequency of response A. For all 
situations the construct p is assumed to 


ing Sa and Sj as the partition of S imposed 
by the response classes A and A. 


280 


correspond to a parameter’ of the be- 
havior system, and we do not cease to 
speak of this as a probability in the 
case of a situation where it’ cannot be 
evaluated as a relative frequency. It 
has been shown in a Previous paper (7) 
that p can be related in a simple man- 
ner to rate or latency of responding in 
Many situations; thus in all applica- 
tions of the theory, » is evaluated in 
accordance with the rules prescribed by 
the theory, either from frequency data 
or from other appropriate data, and 
once evaluated is treated for all mathe- 
matical purposes as a probability. 


REPRESENTATION oF LEARNING 
PRocEssEs 


Psychologically an all. 
tion has ¢ 


Under an all-or-none theory, we must 


- simplified situation, 
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specify the probabilities that any stimu- 
lus element that is sampled on a given 
trial will become connected to A or to 
4. For convenience in exposition, we 
shall limit ourselves in this paper to 
the simplest special case, i.e., a homoge- 
neous series of discrete trials with 
Probability equal to one that all ele- 
ments occurring on a trial become con- 
nected to response A. ‘ 
We begin by asking what can be said 
about the course of learning during 4 
Sequence of trials regardless of the dis- 
tribution of stimulus events. It will 
be shown that our general assumptions 
define a family of mathematical opera- 
tors describing learning during any pre 
scribed sequence of trials, the member , 
of the family applicable in a given situ- 
ation depending upon the 6 distribution 
We shall first inquire into the charac- 
teristics common to all members of 4 
family, and then into the conditions 
under which the Operators can be ap- 
Proximated adequately by the relatively 
simple functions that have been foun 
Convenient for representing learning 
data in Previous work, 
_ Let us consider the course of lear? 
g during a sequence of trials in tbe 
Each trial in u 
series is to begin with the presentation 
of a certain stimulus complex. This 
situation defines a distribution of 6 ove! 
S* so that each element in S* has some 
Probability, ĉi, of occurring on any tri Í 
and we represent by S the subset 0 
elements with non-zero @ values; any 
element that occurs on a trial becomes 
Connected to A (or remains connecte 
to 4 if it has been drawn on a previous 
trial). For concreteness the reader 
might think of a simple conditioning 
experiment with the CS preceding the 
US by an optimal interval, and wit! 
conditions arranged so that the UR T 
evoked on each trial and decrementa 
factors are negligible; the situation rep“ 
resented by § is that obtaining from the 


| © ban 
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onset of the CS to the onset of the US, 
and the response probability p will re- 
fer to the probability of A in this situa- 
oe The number of elements in S will 
"3 Aesignaied by N. For simplicity we 
pan suppose in the following deriva- 
ions that none of the elements in S are 
connected to A at the beginning of the 
eee This means that the learn- 
aa curves obtained all begin with- Na 
l 2 equal to zero. No loss of gen- 
Hons is involved in this simplifica- 
P ond results may easily be extended 
he case of any arbitrary initial 
Condition. 
in na i® element in S will still remain 
it oe after the 2 trial if and only if 
ea not sampled on any of the first 7 
is a the likelihood that this occurs 
—6;)". Hence, if Fi(#) repre- 
ale S the expected probability that this 
ta ent is connected to A after the n™ 
ial, we obtain: 


g F;(n) = 1 — (1 — 4)". 
pp expected number of elements in S 
Mnected to A after the n'è trial, 


na(n], will be the sum of these ex- 
cted contributions from individual 


Clements: 


(9 ENJ = E Fun) 
= = [1 =(= 0:)”] 
=N-E (1-0) 


RS are now in a position to express 
t, probability of response A, asa 
situ ion of the number of trials in this 

ae By substituting for the term 
ioe of equation (1) its equivalent 
Eion ation (3), we obtain the re- 


1 n 
we Olt — (1—4)"J 


ll 


1 
L- = (1 — 9:)”- 
wa Y 
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Equation? (5) defines a family of 
learning curves, one for each possible 
6 distribution, and it has a number of 
simple properties that are independent 
of the distribution of the 6. It can 
easily be verified by substitution that 
there is a fixed point at p = 1, and this 
will be the asymptote approached by 
the curve of p(n) vs. n as n increases 
over all bounds. Members of the 
family will be monotonically increasing, 
negatively accelerated curves, approach- 
ing a simple negative growth function 
as the 0; tend toward equality. If all 
of the 6; are equal to ĝ, equation (5) 
reduces to 


(6) p(n) =1— 0-8" 


which, except for a change in notation, 
is the same function derived previously 
(7) for the equal 6 case * and corre- 
sponds to the linear operator used by 
Bush and Mosteller (2) for situations 
where no decremental factor is in- 
volved. In mathematical form, equa- 
tion (6) is the same as Hulls well- 
xpression for growth of habit 
function does not 
have the same relation to observed 
probability of responding in Hull’s 
theory as in the present formulation. 

Except where the distribution func- 
tion of the 0; either is known, or can 
be assumed on theoretical grounds to 
be approximated by some simple ex- 
pression, equation (5) will not be con- 
venient to work with. In practice we 
are apt to assume equal 6; and utilize 
equation (6) to describe experimental 
data. The nature of the error of ap- 
proximation involved in doing this can 
be stated generally. Immediately after 
the first trial, the curve for the general 
case must lie above the curve for the 


known €: 
strength, but the 


4This is essentially the same function de- 
veloped for the equal @ case ina previous 
paper (7); the terms @ and n of equation (6) 
correspond to the terms q=s/S, and T of 
that paper. 
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10 20 


Fic. 2. Response probability, in S, as a functi 


i 
amples presented in the text. The solid 


half of which have 6=0.1 and half 0=0.3. The 
Initially no elements of $ a 


tion with = 0.2, 


this Crossing in the neighborhood of 
the fourth to eighth trial); after cross- 
ing, the curves diverge to a smaller ex- 
tent than before, then come together as 
both 80 to the same asymptote at 
Pee TE can be proved that the 
Curves for the general and special case 


of equations (5) 
and (6) has necessarily been given in 


rather general terms, and it may be 
helpful to illustrate Some of the con- 


50 
30 40 
n 


siderations involved by means of a hat 
ple numerical example. Imagine Jar 
we are dealing with some parao 
conditioning experiment in which ont 
CS can be represented by a set S, € ale: 
Posed of two subsets of stimulus | 3 
ments, S, and S,, of the sizes N 1 f ele- 
= N/2, where N is the number 0 ele- 
ments in S. Assume that for r7 
ments in S, the probability of d for 
drawn on any trial is 6, = 0.3 an h to 
those in S,, 0, = 0.1. Now we v 
compute the predicted learning Taa 
during a series of trials on which tha 
Sponses are reinforced, asome 4 
we begin with all elements connec 

A. Equation (5) becomes 


1 
= | —— yV 
b(n)=1 dan 1(0.3) Jan 
X (1-0.3)"-4+2(0.1) (1—0. 
=1-10.3(0.7)"40.1(0.9)"h 
j ted 
Plotting numerical values cow ig 
from this equation, we obtain the 


curve given in Fig. 2. rob- 
Now let us approach the same P 


ay — 
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lem, but supposing this time that we 
know nothing about the different 0 
values in the subsets S, and S, and are 
given only that @ = 0.2. We now “ob- 
tain predicted learning curves under 
the equal @ approximation. Equation 
(6) becomes: 


p(n) = 1 — (1 — 0.2)" 


and numerical values computed from 
this yield the dashed curve of Fig. 2. 
ea retin of Fig. 2 shows that the 
cae treatment leads to higher values 
ad (2) on the early trials but to lower 
ues on the later trials, the difference 
ea negligible for large 7. The 
ated in brief, for the steeper curva- 
ai e of the exact curve is that elements 
on high 6 values are likely to be 
rawn, and therefore conditioned to A, 
iar in the learning process than ele- 
ie with low @ values, and then be- 
= they will tend to recur frequently 
tiv rr nip samples, to lead to rela- 
jae high values of p. During the 
Jd e stages of learning, elements with 
k. 6 values that have not been drawn 
fi the early trials will contribute more 
aa elements per trial than 
veil be appearing at the same stage 
de an equal ø distribution and will 
Ripe the value of p below the curve 
T the equal @ approximation. 
ee should be emphasized that the 
seers J of the present approach to 
to duce theory lies in the concepts in- 
öt uced and the methods developed 
D Operating with them, not in the 
i ular equations derived. Equa- 
to (5), for example, can be expected 
Clase Pply only to an extremely narrow 
othe, of learning experiments. On the 
rivin, hand, the methods utilized in de- 
i 8 equation (5) are applicable to a 
tes variety of situations. For the in- 
oo. of the experimentally oriented 
er, we will indicate briefly a few of 
© most obvious extensions of the 
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? 
theory devéloped above, limiting our- . 
selves to the equal 6 case. 

As written, equation (6) represents 
the predicted course of conditioning for 
a single organism with an initial re- 
sponse probability of zero. We can 
allow for the possibility that an experi- 
ment may begin at some value of p(0) 
other than zero by rewriting (6) in the 
more general form 


() p0) =1-T1- pO- 8" 


which has the same form as (6) ex- 


cept for the initial value. 
If we wish to consider the mean 


course of conditioning in a group of m 
organisms with like values of 6 but 
varying initial response probabilities, 
we need simply sum equation (7) over 
the group and divide by m, obtaining 


(8) pli) = =E p0) 


=1-[1- sp] — 4)”. 


The standard deviation of p(n) un- 
der these circumstances is simply 


(9) op(n) = 1 E Pn) — Pln) 
aks 6)"op(0) 


where op(0) is the dispersion of the 
initial p values for the group. Varia- 
bility around the mean learning curve 
decreases to zero in a simple manner 
as learning progresses. 

The treatment of counter-condition- 
ing, 1e; extinguishing one response by 
giving uniform reinforcement to a com- 
peting response, follows automatically 
from our account of the acquisition 
process. Returning to equation (6) 
and recalling that the probabilities of A 
and A must always sum to unity, we 
note that while response A undergoes 
conditioning in accordance with (6), 


response 4 must undergo extinction in 
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accordance with the function 
pala) = 1— pa(n) = (1 — ô». 


If, then, we begin with any arbitrary 
(0) and arrange conditions so that Æ 
is evoked and conditioned to all ele- 
ments drawn on each trial, the ex- 
tinction of Tesponse A will be given by 
the simple decay function 


GO p(n) = pct — ô)”. 


Again the mean and standard deviation 
of p(n) can easily be computed for a 
group of organisms with like values of 
6 but varying values of p(0): 


(11) P(n) = p(0)(1 — A)» 
(12) o,(n) = (i — 8)"2p(0). 
As in the case of acquisition, variability 


around the mean Curve decreases to 


zero in a simple manner Over a series of 
trials, 


TATISTICAL 
ODEL To Learning 


Teference to 


re cannot be tested 
it is taken to- 
S as to how 
h rules of cor- 
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respondence between terms of a 
theory and experimental variables, wil 
experimental evaluation be possible. 
Limitations of space preclude a detailed 
theoretical analysis of individual learn- 
ing situations in this paper. In order 
to indicate how the model will be us 
lized and to suggest some of its ex- 
Planatory potentialities we shall con 
clude with a few general remarks 
concerning the interpretation of Jearn 1 
ing phenomena within the theoretica 
framework we have developed. 
Application of the model to any one 
isolated experiment will always involve 
an element of circularity, for ne 
tion about a given @ distribution mus 
be obtained from behavioral ee 
his circularity disappears as soon r 
data are available from a number 0 
related experiments. The utility of the 
concept is expected to lie in the poi 
bility of predicting a variety of fac 5 
once the parameters of the 8 distribu 
tion have been evaluated for a ee 
tion. The methodology involved sa 
been illustrated on a small scale by # 
experiment (6) in which the mean f 
value for an operant conditioning pur 
tion was estimated from the acquisito 
curve of a bar-pressing habit and ai? 
utilized in Predicting the course | g 
acquisition of a second bar-pressis 
habit by the same animals un 
slightly modified conditions. ken 
When the statistical model is ta al 
together with an assumption of assoni 
tion by contiguity, we have the e 
tials of a theory of simple learnin 
The learning functions (5), (6), 2 
(10) derived above should be expect 
to provide a description of the pale 
of learning in certain elementary fae 
Periments in the areas of conditionins 
and verbal association. It must be cat 
Phasized, however, that these tune 
alone will not constitute an adega 
theory of conditioning, for a number ae 
relevant variables, especially those C° 


= 
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cs response decrement, have not 
i taken into account in our deriva- 
ae s. In conditioning experiments 
Pied decremental factors are mini- 
a P , there is considerable evidence 
eat 14, 16) that the curve of con- 
ae ing has the principal properties of 
equation (5) and can be well ap- 
anes by the equal 6 case (7). 
a act that functions derived from 
Ts can be fitted to certain em- 
ae curves is a desirable outcome, of 
she but cannot be regarded as pro- 
fest. a very exacting test of the 
nea A Probably any contemporary 
oe i ative theory will manage to ac- 
ae ish this much, On the other 
Rare the fact that the properties of our 
Beer” functions follow from the sta- 
tion al nature of the stimulating situa- 
the is of some interest; in this respect 
oe ice of the present theory is 
at Sat than certain others, e.g., that 
E (13), which require an inde- 
(Ns nt postulate to account for the 
te of the conditioning curve. 
ton pray also be noted that devia- 
Ta s irom the exponential curve form 
A be as significant as instances of 
erat fit. _From the present model we 
a predict a specific kind of deviation 
ee the stimulating situation contains 
A ie of widely varying g values. 
Py E example, curves of conditioning 
$> two stimuli taken separately yield 
nificantly different values of ĝ, then 
a curve of conditioning to a com- 
be nd of the two stimuli should be ex- 
cted to deviate further than either of 
ea curves from a simple 
beh function. The only relevant ex- 
cates we have discovered in the 
(16). tai is one reported by Miller 
e Miller’s results appear to be in 
ae with this analysis, but we would 
: sitate to regard this aspect of the 
eee as substantiated until additional 
vant data become available. 
Although we shall not develop the 
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° P 
argument in mathematical detail in the 
present paper, it may be noted that the 
statistical association theory yields cer- 
tain specific predictions concerning the 
effects of past learning upon the course 
of learning in a new situation. In gen- 
eral, the increment or decrement in p 
during any trial depends to a certain 
extent upon the immediately preceding 
sequence of trials. Suppose that we 
have two identical animals each of 
which has p() equal, say, to 0.5 at the 
end of trial n of an experiment, and 
suppose that for each animal response 
A is reinforced on trial n+ 1. The 
histories of the two animals are pre- 
sumed to differ in that the first animal 
has arrived at p(n)=0.5 via a se- 
quence of reinforced trials while the 
second animal has arrived at this value 
via a sequence of unreinforced trials. 
On trial n + 1, the second animal will 
receive the greater increment to p (ex- 
cept in the equal 0 case); the reason is, 
in brief, that for both animals the 
stimulus elements most likely to occur 
on trial n+ 1 are those with high 0 
values; for the first animal these ele- 
ments will have occurred frequently 
during the immediately preceding se- 
quence of trials and thus will tend to 
be preponderantly connected to A prior 
to trial n +1; in the case of the sec- 
ond animal, the high @ elements will 
have been connected to A during the 
immediately preceding sequence and 
thus when A is reinforced on trial 
n+ 1, the second animal will receive 
the greater increment in weight of con- 
nected elements. From this analysis it 
follows that, other things equal, a curve 
of reconditioning will approach its 
asymptote more rapidly than the curve 
of original conditioning unless extinc- 
tion has actually been carried to zero. 
How important the role of the unequal 
o distribution will prove to be in ac- 
counting for empirical phenomena of 
relearning cannot be adequately judged 
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until further research has provided 
means for estimating the orders of mag- 


nitude of the effects we have mentioned 
here, 


SUMMARY 


Earlier statistical treatments of sim- 
ple associative learning have been re- 
fined and generalized by analyzing the 
stimulus concept in greater detail than 
heretofore and by taking account of the 
fact that different components of a 
stimulating situation may have differ- 
ent probabilities of affecting behavior. 

The population of stimulus events 
corresponding to an independent ex- 
perimental variable is represented in 
the statistical model by a mathematical 
set. The relative frequencies with 
which various aspects of the stimulus 
variable affect behavior in a given ex- 
periment are represented by set opera- 
tions and functions, 

The statistical model, t 
with an assumption of 
guity, provides 
of certain conditio; 


aken together 


experimental findings. 
acteristics of the model 


ere are compared with 
quantitative formulations of 


learning 
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INTRODUCTION 


ee ites of inviting experts or authori- 
ate thee we fields to compare and evalu- 
common nowledge with regard to certain 
iS scent concepts, is not new—although it 
This fine been tried too infrequently. 
Vention ot was adopted at the annual con- 
ciation f dt oe Florida Psychological Asso- 
1959 wh aytona Beach, Florida, in April 
Sociol en a zoologist, a psychologist, and 

Ogist pooled their resources in re- 


eva; h 
wating the concept of instinct. 

Ale TS leaders in their fields. Dr. W. 
4 logy at’ Head of the Department of Bi- 
Merly he University of Florida, and for- 
th ‘tofessor of Zoology and Dean at 
zoologisp ey of Chicago, presented the 
Ssistant Position. Dr. Henry W. Nissen, 
Cries of Director of the Yerkes Labora- 
Florida Primate Biology at Orange Park, 
Yale © and Professor of Psychology at 


Bists ee spoke for the psycholo- 
of th nd Dr. Meyer F. Nimkoff, Head 
Stare’, Department of Sociology at Florida 


ti 
the f 4 niversity, and eminent authority 0n 
The Sy, represented the sociologists- 
ang D Mposium was under the direction 
oderation of Dean Stanley E. Wim- 
vies University of Florida, who 
in the speakers present their ma- 
order h an evolutionary or phylogenetic 
“hologist zoologist coming first, the psy- 
e second, and the sociologist third. 
Were $0 oatributions of the participants 
effective that the symposium be- 


came without question the high light of 
the two-day convention. Plans for its pub- 
lication were immediately begun. What 
follows represents the culmination of these 
efforts. Since the opportunities for citing 
references on such a topic are almost limit- 
less, each participant was asked not to pre- 
sent a bibliography.—W. N. Kellogg, Presi- 
dent, Florida Psychological Association. ] 


INSTINCT FROM THE ZOOLOGIST’S 
STANDPOINT 


W. C. Allee 


A simple outline of different phases 
of animal behavior may help orient this 
discussion of instinct. One such outline 
recognizes a primary division of all be- 
havior into (I) unlearned, and (II) 
learned behavior patterns. The former 
can be broken into smaller categories as 
follows: (a) poorly organized responses 
of animals lacking nervous systems, €.8., 
sponges, Or early embryos; (b) reflex- 
arc reactions; (c) kineses, meaning a 
speeding or slowing of unoriented re- 
sponses of whole organisms; (d) the 
oriented tropisms of sessile plants and 
animals and the tactic reactions of mo- 
tile forms consisting, when shown in 
purest form, of oriented forced move- 
ments which seem to resemble reflex ac- 
tions of entire organisms; (e) instincts, 
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the most complex of al: phases of un- 
learned behavior, including many levels 
of behavior from variable appetitive re- 
sponses to more rigid consummatory ac- 
tions. 

The great confusion about instincts 
results in part from the fact that much 
so-called instinctive action of man and 
other vertebrates, and, perhaps, of some 
invertebrates also is really behavior 
based on very early training. The train- 
ing has been forgotten; the definite ac- 
tivity pattern Temains. Sometimes the 
learning may be based on a single ex- 
Posure to a given situation, 

There are a great many definitions of 
instinct. These fall into two main 
types: (a) those that are primarily ob- 
jective, the biologically behavioristic 
definitions; (b) the subjective ones, 

Existence of the subjective emphasis 
is a part of the cause of justifiable 
skepticism Tegarding instincts among 
biologists, including, of course, psycholo- 
gists. Parenthetically, the scientific 
Part of Psychology obviously is a branch 
of biology, The subjective definitions 
may be illustrated by the statement 


that if birds migrate south early in the 
fall, earlier than they ar 


uncommonly cold wi 
ing. The migrating birds are supposed 
to have a supernatural instinctive in- 
Sight in the matter. Such fantasies are 
Similar to folktales about whiteness of 


ing the severity of 


ions of instinct are hard 
Ost of them 


, biologically behav; 
are involved and di 


cul i 

Thersa toh Gish t to interpret. 
is adapted from W, M 
said, approximately, 

a relatively complicated activity of an 
organism that is acting (a) as a whole 
rather than as a Part; (b) asa repre- 
sentative of the Species rather than as 


t an instinct js 


ica. 
„nition is offered almost apologeti 
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PEE o, 
an individual; (c) without previ sa 
perience or without molor aes 
by experience; and (d) with ere has 
purpose of which the reacting a in 1951, 
no knowledge. More asap The 
N. Tinbergen, in his book entitled 
Study of Instinct, gives his halfway 
only after he is more than the defi- 
through the book. Even then, lly in 
s itte 
loose association with his wri 
somewhat imprecise discusion ai state- 
physiological relationships. ntatively 
ment is (p. 112): “I will te! ally of 
define an instinct as a mae aa i 
ganized nervous mechanism releasing: 
susceptible to certain priming, E 
and directing impulses, of in hich 1e- 
well as of external origin, and v dinate 
sponds to these impulses by ie e mail- 
movements that contribute to the sP& 
tenance of the individual and finitions 
cies.” These two objective E they 
supplement each other more d against 
overlap. They may be teste reatbin8: 
such activity patterns as uscle CO” 
swallowing, gland secretion, m how? ¢ 
traction, all of which may be types 2 
occur without learning. ee can be 
glandular secretion, for examp reat dif- 
effected by learning only with 8 spection 
culty, if at all. On casual “oi come 
such activities as breathing, bie defin” 
more nearly to fitting en ae b 7 
tion than they do that adve agro 
Wheeler, although they run t the of 
there only on the first idea oe pole 
ganism should be acting as dis playin’ 
tather than as a part when di ' 
instinctive behavior. t esa” 
Instinctive reactions represen ai ox 
ples of prolongation of develop for 
hibited as behavior rather than st, fo 
mation of new structure. eae i 
example, the difference between und 4 
salid and a cocoon. Each is ron cet 
pupation time in the life history ‘pe 
tain members of the Lepidoptera. con 
butterflies form a chrysalid which 


eee ee 
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sists essentially of a thickening of the 
hy podermis to form a protective cover- 
ing. This thickened chrysalid is fre- 
quently attached to the walls of some 
crevice by a gluelike secretion. Inside 
its protecting covering the pupation 
Processes take place. In contrast, the 
moths, as pupation time approaches, 
P in a more or less elaborate silk cocoon. 
nside the cocoon the moth larva also 
develops a somewhat thickened hypo- 
dermis, which serves as an additional 
Protection. There is no essential differ- 
ence in these activities being examples 
of prolongation of development. One 
is limited primarily to the hardening of 
the hypodermis; the other is compli- 
cated by the presence of silk-spinning 
activities which represent instinctive be- 
avior, ‘The moth larva cannot form the 
Cocoon until the silk glands are ma- 
tured; that is, this spinning activity is 
also a deferred activity that cannot be 
expressed until the moth larva has de- 
Veloped functioning silk glands. In- 
Stincts and development are inextricably 
Ound together. 

. Many writers speak of in 
Mtelligent actions as thoug 
types of behavior differ fund 


stinctive and 
h these two 
amentally 


from one another. Against this view 
it may be asserted that a large instinc” 
form of 


tive element enters into every `. atj 
intellectual activity; whereas instinctive 
actions do not usually run their courses 
altogether automatically and mechani- 
cally but contain in addition to fixed 
and unchanging components & variable 
element, more or less adapted to the 
Particular situation. 

An act, A, is at one and the ae 
time normally 4 function of the ee 
Stant, C, and a variable, V; expres: 
as a formula this becomes 


Az fee y). 
the instinctive biologi- 


AN is i 
he constant 1 element. The variable 


cally inherited 
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is the element which produces, in some 
cases, an appropriate modified reaction, 
in others, an unforeseen response to a 
situation. ,Analysis of the action into 
these two components is purely an ab- 
stract analysis. V and C must not be 
taken as two more or less opposed nat- 
ural agencies pulling the organism now 
in this direction, now in that, as they 
battle for supremacy. They are merely 
two different aspects of the same reality. 
In inherited, innate, instinctive reac- 
tions C is greater than B; in intelligent 
action the relationship is reversed. I 
first read this analysis in a book by 
Alverdes; Yerkes gave a part of the 
same idea in his 1943 book on chimpan- 
zees. 

Two instances of instinctive behavior 
that I personally observed may be inter- 
esting, and, in addition, helpful for the 
discussion. 

Years ago, near the Marine Biological 
Laboratory at Woods Hole, Massachu- 
setts, I was trotting back from a noon- 
time swim in a hurry for dinner when I 
saw a solitary wasp dragging an im- 
mobilized caterpillar across the uneven 
surface of the dusty road. I stopped 
to watch. The wasp turned before she 
reached the sidewalk. She passed near 
a low sturdy weed up which she climbed 
and balanced the caterpillar over a low 
fork some few inches from the ground. 
‘All this time the wasp and her prey had 
peen followed by a small tachina fly, 
which would lay her own egg or eggs on 
the egg of the wasp larva. The tachina 
larva on hatching would feed on the 
larva of the wasp, while it, in turn was 
feeding on the paralyzed, living cater- 
pillar. 

The wasp descended from the weed, 
proceeded a few feet to a small burrow, 
which was a fraction of an inch wide 
and about that deep. She entered, and 
enlarged the burrow, digging vigorousiy. 

After a short time the wasp left the 
enlarged burrow, returned along the way 
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the most complex of ali phases of un- 
learned behavior, including many levels 
of behavior from variable appetitive re- 
sponses to more rigid consummatory ac- 
tions. 

The great confusion about instincts 
results in part from the fact that much 
so-called instinctive action of man and 
other vertebrates, and, perhaps, of some 
invertebrates also is really behavior 
based on very early training. The train- 
ing has been forgotten; the definite ac- 
tivity pattern remains. Sometimes the 
learning may be based on a single ex- 
posure to a given situation. 

There are a great many definitions of 
instinct. These fall into two main 
types: (a) those that are primarily ob- 
jective, the biologically behavioristic 
definitions; (4) the subjective ones. 

Existence of the subjective emphasis 
is a part of the cause of justifiable 
skepticism regarding instincts among 
biologists, including, of course, psycholo- 
gists. Parenthetically, the scientific 
part of psychology obviously is a branch 
of biology. The subjective definitions 
may be illustrated by the statement 
that if birds migrate south early in the 
fall, earlier than they are normally ex- 
pected to do, this may be taken as a sign 
that an uncommonly cold winter is com- 
ing. The migrating birds are supposed 
to have a supernatural instinctive in- 
sight in the matter. Such fantasies are 
similar to folktales about whiteness of 
chicken bones foretelling the severity of 
the coming winter, 

Good definitions of instinct are hard 
come by. Most of them, even of the 
objective, biologically behavioristic sort, 
are involved and difficult to interpret. 
There are two I wish to present. One 
is adapted from W. M. Wheeler, who 
said, approximately, that an instinct is 
a relatively complicated activity of an 
organism that is acting (a) as a whole 
rather than as a part; (b) as a repre- 
sentative of the species rather than as 


an individual; (c) without previous a 
perience or without modification cause 
by experience; and (d) with an end or 
purpose of which the reacting animal a 
no knowledge. More recently, in - ; 
N. Tinbergen, in his book entitled T%e 
Study of Instinct, gives his definition 
only after he is more than paltay 
through the book. Even then, the ar 
nition is offered almost apologetically i 
loose association with his admittedly 
somewhat imprecise discussion of nevi 
physiological relationships. His sta! y 
ment is (p. 112): “I will tentative Y 
define an instinct as a hierarchically is 
ganized nervous mechanism which i 
susceptible to certain priming, zele i 
and directing impulses, of interna hes 
well as of external origin, and which ie 
sponds to these impulses by coordina" iy 
movements that contribute to the “or 
tenance of the individual and the SP 3 
cies.” These two objective at 
supplement each other more than ti a 
overlap, They may be tested ae ne 
such activity patterns as breathi = 
swallowing, gland secretion, muscle a 
traction, all of which may be show? 4 
occur without learning. Some types 
glandular secretion, for example, ee fie 
effected by learning only with great a a 
culty, if at all. On casual inspect 
such activities as breathing, etc- paa 
more nearly to fitting Tinbergen’s de 
tion than they do that advanced 3 
Wheeler, although they run agrou a 
there only on the first idea that iis i 
ganism should be acting as @ W3 ng 
rather than as a part when display? 
instinctive behavior. m: 
Instinctive reactions represent aes 
ples of prolongation of development 
hibited as behavior rather than as ae 
mation of new structure. Contrast, A 
example, the difference between 4 ee 
salid and a cocoon. Each is foun ai 
pupation time in the life history of ie 
tain members of the Lepidoptera. 
butterflies form a chrysalid which con- 
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sists essentially of a thickening of the 
hypodermis to form a protective cover- 
ing. This thickened chrysalid is fre- 
quently attached to the walls of some 
crevice by a gluelike secretion. Inside 
its protecting covering the pupation 
processes take place. In contrast, the 
moths, as pupation time approaches, 
spin a more or less elaborate silk cocoon. 
Inside the cocoon the moth larva also 
develops a somewhat thickened hypo- 
dermis, which serves as an additional 
Protection. There is no essential differ- 
ence in these activities being examples 
of prolongation of development. One 
is limited primarily to the hardening of 
the hypodermis; the other is compli- 
cated by the presence of silk-spinning 
activities which represent instinctive be- 
avior. The moth larva cannot form the 
Cocoon until the silk glands are ma- 
tured; that is, this spinning activity iS 
also a deferred activity that cannot be 
expressed until the moth larva has de- 
veloped functioning silk glands. Io- 
stincts and development are inextricably 
bound together. 
_ Many writers speak of instinctive and 
intelligent actions as though these ma 
types of behavior differ fundamentally 
from one another. Against this view 
it may be asserted that a large instinc- 
tive element enters into every form of 
Intellectual activity; ia bee ed 
acti n their c 

tions do not usually ru nd sinecharil> 
cally but contain in additio 
and unchanging componen 
element, more or less adap 
Particular situation. 

An act, A, is at one and the fae 
time normally a function oipitna co d 
stant, C, and a variable, V; expresse 
as a formula this becomes 


A=f[(Ce V). 
ctive biologi- 


Th j is the instin y 
e constant is The variable 


cally inherited element. 
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is the element which produces, in some 
cases, an appropriate modified reaction,< 
in others, an unforeseen response to a 
situation. , Analysis of the action into 
these two components is purely an ab- 
stract analysis. V and C must not be 
taken as two more or less opposed nat- 
ural agencies pulling the organism now 
in this direction, now in that, as they 
battle for supremacy. They are merely 
two different aspects of the same reality. 
In inherited, innate, instinctive reac- 
tions C is greater than B; in intelligent 
action the relationship is reversed. I 
first read this analysis in a book by 
Alverdes; Yerkes gave a part of the 
same idea in his 1943 book on chimpan- 
zees. , 

Two instances of instinctive behavior 
that I personally observed may be inter- 
esting, and, in addition, helpful for the 
discussion. S 

Years ago, near the Marine Biological 
Laboratory at Woods Hole, Massachu- 
setts, I was trotting back from a noon- 
time swim in a hurry for dinner when I 
saw a solitary wasp dragging an im- 
mobilized caterpillar across the uneven 
surface of the dusty road. I stopped 
to watch. The wasp turned before she 
reached the sidewalk. She passed near 
a low sturdy weed up which she climbed 
and balanced the caterpillar over a low 
fork some few inches from the ground. 
All this time the wasp and her prey had 
been followed by a small tachina fly, 
which would lay her own egg or eggs on 
the egg of the wasp larva. The tachina 
larva on hatching would feed on the 
larva of the wasp, while it, in turn was 
feeding on the paralyzed, living cater- 
pillar. 

The wasp descended from the weed, 
proceeded a few feet to a small burrow, 
which was a fraction of an inch wide 
and about that deep. She entered, and 
enlarged the burrow, digging vigorousiy. 

After a short time the wasp left the 
enlarged burrow, returned along the way 


290 


she had come, but did not remember the 
-weed-climbing incident, and did not lo- 
cate the caterpillar immediately. Mean- 
time the tachina fly had stayed near the 
caterpillar in place of following the wasp 
on her digging activities, Finally the 
wasp located the weed, climbed it, 
brought down the caterpillar and re- 
newed her slow Progress to the burrow. 
Now the tachina fly followed, keeping, 
again, about a foot to the rear. 

The wasp dug a bit more, dragged the 
caterpillar into the burrow, and de- 
posited her egg. Just then the tachina 
fly darted forward, dove into the burrow, 
Presumably laid her own egg or eggs, 
emerged, and flew away. The wasp 
filled in the hole, leveled off the ground, 
and she, too, flew away. All these com- 
Plicated patterns were examples of in- 
nate, unlearned behavior, both by wasp 
and tachina fly. There was evidence of 
adjustment to existing irregularities in 
the surface of the dust, to the size of the 
burrow, and, also, to the whole weed 
incident. However, C loomed much 
larger than V. 

Years later I saw a more elaborate in- 
stance of essentially the same behavior 
—this time out in the mountains in 
Utah north of Great Salt Lake. There 
were three of us, including a poet and 
a psychologist, coming down the moun- 
tain trail. We disturbed a wasp carry- 
ing her numbed caterpillar enough so 
that she dropped her prey. 
and she soon actively quartered the re- 
gion, a few feet from the caterpillar, 


her quartering, 


I picked up the lim 
caterpillar and pe 


near the 
S carrying it on to 
the partly excavated burrow a short dis- 
tance away. She repeated the q; 

and burying routine. The Poet sprawl. 
ing with his eye close to the opening of 
thu burrow saw the glistening egg de- 
posited on the Paralyzeq caterpillar, 
Then the wasp filled anq leveled off the 
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burrow so that to us the spot was in- 
distinguishable from the bare ground 
elsewhere except for its being darker 
from the moisture, which would soon 
dry. Still the wasp hovered near giving 
us the impression that she had not yet 
finished the operation. After a short 
while she settled down on a fallen cluster 
of three pine needles still wrapped to- 
gether as they grew on the tree, trans- 
ported these to the site of the burrow, 
and deposited them there. Then that 
spot looked to us as casually littered as 
the ground nearby, and the wasp flew 
away as though entirely finished. 
Lorenz, Tinbergen, Baerends, and the 
other present-day European students of 
instinct study such behavior patterns 
by fragmenting them into smaller and 
smaller units, striving towards breaking 
them down to their reflex-arc compo- 
nents. At each step they attempt to dis- 
cover the releasing stimuli, which they 
call simply releasers. In this they use 
Passive and moving models. They re- 
Port considerable and promising prog- 
ress, for example, with the mating activi- 
ties of grayling butterflies, stickleback 
fish, and various birds. The analysis of 
Several sorts of instinctive behavior of 
fishes and birds has been carried fairly 
far in the identification of sign stimuli 
that serve as releasing mechanisms, find- 
ing, for example, that a bunch of red 
feathers is the effective releaser of ter- 
ritorial defense for an English robin. 
Tinbergen (1951, p. 37) states that 
the reason why dependence of innate be- 
havior on sign stimuli has not yet been 
generally recognized notably lies in the 
fact that so many laboratory psycholo- 
gists have been studying conditioned 
reactions. He thinks that conditioned 
reactions are not usually dependent on 
a limited set of sign stimuli, but seem 
to depend on more complicated stimulus 
situations. The progress these men are 
making in an obscure phase of behavior 
is stimulating. It is Particularly heart- 
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ening to see the long stagnant field of 
instinctive behavior, freighted with “oh 
my” stories such as I attempted to use 
in telling about the solitary wasps, be- 
ginning to yield to methods of objective 
analysis. 


Instinct As SEEN BY A PSYCHOLOGIST 


Henry W. Nissen 


As Dr. Allee has shown, many animals 
exhibit complex patterns of behavior, 
constant for the species and apparently 
unlearned, which need a name to set 
them off descriptively from other be- 
haviors. In the first part of my discus- 
sion I shall try to relate the term “in- 
stinct,” as designation for these uni- 
formities, to certain other concepts, such 
as reflex, habit, and drive. These con- 
siderations will lead to the conclusion 
that “instinct” has real but limited use- 
fulness, and to the suggestion that all 
behaviors may be ordered on a Con- 
tinuum of possible associations which 
are more and less readily learned. 

My second point will be a criticism of 
the current tendency to oversimplify the 
problem of motivation by organizing all 
behavior under half a dozen biogenic 
drives or instincts plus a few psycho; 
genic or secondary drives. This part 0 
the discussion will be illustrated by os 
cent observations of the development © 
sex behavior in chimpanzees. . 

Terms referring to the ayns i 
energizing aspect of behavior mus E 
kept sharply separate from t pse. per 
taining to the form oF pattern 0 A 
behavior itself. Confusion between e 
two has been responsible for muc: : 
the misunderstanding and apie 
about instinct and persists even hg 
Tinbergen, 1951, presents 4 | iag A 
“the hierarchical organization © = 
stincts” which looks like the fow chart 
of a military chain of mnt aE 
top brass—that is, the top i 


decides the strategy, lower ae aioe 
the tactics, and the lowest-level ins 


do the work. The “instinct of pugnac-. 
ity” refers both to the motivation to 
fight, and to the manner or pattern of 
fighting. ‘he term is useful only in the 
latter sense, which is the way I shall 
use it here. 

The dynamic factor ‘in behavior has 
been given various names, the most com- 
mon one, perhaps, being “drive.” Mor- 
gan has termed it “the central motive 
state,” or CMS, and I have called it 
the “sensitizing component of behavior 
determination.” The drive or sensitiz- 
ing factor elicits behavior which is often 
such as to increase or decrease the 
amount of a certain kind of stimulation. 
Thus the earthworm may orient away 
from the source of light, whereas the 
Euglena may swim towards the light. 
Instead of deriving from the external 
environment, the stimulation may arise 
internally: the organism sneezes, defe- 
cates, or urinates. In other cases, the 
effective condition is a surplus or defi- 
ciency of chemicals in the bloodstream, 
presumably sensitizing certain parts of 
the nervous system. In still other cases, 
the mechanism of the energizing factor 
is completely unknown. You will note 
that I am postulating a sensitizing factor 
in all behavior, whether it is of external 
or internal origin, and whether it leads 
to behavior as simple as a reflex or as 
complicated as nest-building. 

Now the behavior which ensues when 
a sensitizing factor is active may differ 
in various ways. Most obviously, it 
may be all over in a moment, or it may 
last a long time. When the goal or 
situation which brings relief is immedi- 
ately present, the response is prompt 
and brief; we call it an unconditioned 
or conditioned reflex, tropism or taxis, 
or automatized habit. When the goal 
object or situation is not at hand, a more 
or less prolonged series of acts occurs. 
Duration in time is therefore one differ- 
entiating criterion. Further, a reflex 
typically is elicited by a specific, local- 
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ized stimulus, whereas an instinct is 
usually determined by a combination of 
internal factors plus a class of external 
stimulus patterns which, in their details, 
may vary considerably. On the response 
side, a reflex implies contraction of a par- 
ticular muscle or muscle group, whereas 
instinctive behavior allows considerable 
leeway in the effector mechanisms by 
which a common effect is achieved. 

In the absence of the goal or drive- 
reducing situation, the organism is 
forced to an indirect, extended series 
of acts. These longer sequences may be 
classified into five categories, in accord- 
ance with information available to us 
regarding how the form of that behavior 
was determined: (a) When little or no 
direction or selectivity is in evidence, 
we speak of “random” or “spontaneous” 
activity. (b) When innately deter- 
mined components are conspicuous, we 
call the sequence an “instinct.” (c) 
When learning has determined the pat- 
tern, we call it a “complex habit.” (d) 
When there is evidence of reasoning and 
foresight, we speak of “purposive striv- 
ing” or “goal-directed” activity, (e) 
When we want to remain neutral about 
the role of the innate, experiential, and 
central factors involved, we call it sim- 
ply “drive behavior.” 

Together with the other terms desig- 
nating prolonged behavior sequences, 
“instinct” implies the sensitizing effect 
of neural stimulation. An animal be- 
haves differently when hungry than 
when thirsty. The drive or motivating 
factor sensitizes the animal to some 
stimuli and makes it obtuse to others 
It both filters and intensifies. This se. 
lective action does nog differentiate 
among the five classes of long sequences, 
Nor does the consummatory response 
which usually gives the behavior Ai 
name, and which may be the same for 
random, instinctive, rational, and habit- 
ual responses. It is in the etiology of 
the behavior preceding the consumma- 
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tory response, in the past history of the 
animal, that the differentiating criteria 
are to be sought. This demands experi- 
mental analysis. Sometimes the data 
are unambiguous, as when the isolated 
bird sings the song which is characteris- 
tic of its species. Both birds and chim- 
panzees build tree nests; in the former 
the behavior pattern is often innate, but 
in the apes it is evidently learned, being 
transmitted from one generation to the 
next. Often the answer is complicated, 
because the behavior sequence contains 
both innately determined and learned 
components. Instinct and intelligence 
are not mutually exclusive. Some of the 
fastest and most efficient learning that 
we know of is intimately related to in- 
stinctive behavior: the foraging insect 
must learn and remember, on the basis 
of a single flight, the direction or the 
landmarks which guide it back home. 
According to Baerends, the digger wasp 
even remembers from day to day how 
well each of its eight or ten burrows 1S 
stocked with provisions. 

Finally, I should like to suggest that 
reflexes, instincts, and the inherited ca- 
pacity to learn may be distributed on 
a continuum. What is inherited may be 
@ more or less specific readiness to learn. 
The concept of learning implies that 
such readiness is rather nonspecific. But 
often, as in the case of the wasp, there 
is a readiness to learn very specific 
things. When such selective readiness 
is common to the species, the resulting 
behavior can hardly be distinguished 
from instinct or reflex. 

We come, now, to a criticism of the 
tendency to ascribe all or most behavior 
to a few drives or instincts. During the 
past two years I have been observing 
the behavior of male-female pairings of 
late-adolescent chimpanzees. As young- 
sters these animals lived together, but 
well before puberty they were separated 
by sexes. Starting at least a year after 
the first menstruation, and at a higher 
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chronological age for the males, these 
animals were put together for periods of 
observation at times when the female 
was in swelling, that is, during the pe- 
tiods of physiological receptivity. All 
possible pairings of five sexually naive 
males and a like number of females were 
made. The observations total over 100 
in number. If I had used experienced, 
rather than inexperienced, chimpanzees 
under like conditions, a conservative 
estimate of the number of copulations 
which would have occurred is 200. In 
my observations there were no copula- 
tions. 

However, except for what Carpenter 
has delicately called “primary sex ac- 
tivity,” the chimpanzees were very ac- 
tive during these hours of observation. 
These primates are notoriously inventive 
and varied in their behavior, and prac- 
tically everything that a caged ape can 
do these animals did do in the course of 
my observations. The behaviors which 
occurred were both individual and so- 
cial. The former included self-groom- 
ing, solo gymnastics such as somersault- 
ing and doing cartwheels, sucking a 
thumb, or just sitting and thinking. 
Among the social interactions there were 
a few instances of serious aggression, 
many occurrences of bluffing ot ued 
tionistic behavior, a great deal of p! pA 
fighting, wrestling, playful sapne 
boxing, tag or follow-the-leader, > a 
mutual grooming. The point S 
stressed is that, although there ea af 
copulation, there was @ ipa of ite 
social behavior, including most the 
constituent acts which enter into 


mating pattern. ; 
The adetin now arises whether ie 
observed behavior which did eee 
Properly and appropriately ee 
as sex behavior, as expression © the ser 
drive or instinct. The only ee ty 
doing so is our knowledge (a) that wi 
other, experienced, male-female pairings 
the sex act would occur, and (b) that, 


with continuation of the prevailing con- 
ditions for a long enough time, the sex® 
act most probably will occur, eventually, 
in each of these 25 pairings. But this is 
not adequate justification for ascribing 
these long sequences of variable behavior 
to the “sex drive.” There was no con- 
summatory act and no drive reduction; 
the reactions were not “preparatory” 
(except in a farfetched teleological 
sense) for mating. 

What, then, did motivate the great 
variety of behavior which was observed? 
There are several theoretical possibil- 
ities. The old concept of youthful play 
as being the incomplete, nonserious ex- 
pression of later biologically significant 
behavior patterns is particularly unsatis- 
factory here because, structurally and 
physiologically, these animals are ready 
for actual mating and its consequences. 
A second possibility is to postulate an 
independent drive, such as activity, ex- 
ploration, play, or curiosity. The con- 
ceptualizations are too glib and facile— 
they “explain” too much too easily, and 
give no “handle” for experimental test- 
ing. Still another possibility is the idea 
of displacement reactions, as proposed by 
the German neonaturalists. They sug- 
gest that when the environment does not 
provide the stimuli or objects necessary 
for the development of the currently 
dominant instinct, reactions belonging 
to some other instinct will occur. This 
also is an ad hoc explanation which can 
be brought in as necessary to “explain” 
almost anything. 

Instead of starting with a dozen or 
so drives, instincts, or propensities, un- 
der one or another of which all behavior 
I ordered, we may, instead, postulate 
a multiplicity of self-motivated activ- 
ities. What were conceived of as part- 
activities, all contributing towards some 
one definite end, are thought of, instead, 
as a series of independently motivated 
acts. Every postural adjustment, every 
approach to or avoidance of a given ob- 
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ject, each episode of grooming, has its 
“own, intrinsic motivation. To explain 
the vast number of movements and acts, 
extending over hours, and sometimes 
over weeks and months, as all being de- 
termined and guided by one drive, whose 
direct and identifiable expression can be 
seen only in a brief consummatory act, 
is pure anthropomorphism. The acro- 
batics, wrestling, and grooming seen in 
my male-female pairs of chimpanzees 
cover a longer period of time, and in- 
volve a greater variety of precise co- 
ordinations, than does the act of mating 
which takes less than a minute. But 
mating is all that may be strictly desig- 
nated as sex behavior. 

Mutual grooming by chimpanzees 
contains elements which, in human be- 
havior, we call foreplay or petting and 
which we ascribe to the sex drive. 
Could it be suggested that petting is, 
sometimes, an end in itself, with no sin- 
ister motive towards a further ulterior 
goal? In chimpanzees, grooming occurs 
as frequently in preadolescent animals, 
who have had no sex experience, as it 
does in adults; it occurs in female-fe- 
male pairs as much as in male-female 
pairs; and it occurs more often after 
mating than before. Looked at from 
the outside and as a whole, the goal- 
directedness of the behavior sequence is 
obvious, but that is the view seen by the 
human mind, not the view of the organ- 
ism doing the behaving. To suppose 
that it is, is to endow the animal, an- 
thropomorphically, with the foresight 
which characterizes the deliberate, devi- 
ous, and planful behavior of man. 

The behaviors legitimately and de- 
scriptively named sex, hunger, thirst, 
and so on, are relatively infrequent, 
isolated events in the flow of behavior; 
their motivation demands explanation 
no more, and no less, than do the many 
activities appearing in each of various 
sequences. To say that a given act is 
sometimes motivated by sex, another 
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time by hunger, is to slur over the basic 
question of motivation. Differential 
sensitization, determining the probabil- 
ity of occurrence of various reactions, 
needs explanation. But more funda- 
mental than the problem of frequency 
of elicitation, is why grooming and 
wrestling and play-biting occur at all. 
Since they appear when there is no 
copulatory drive, and more often after 
reduction of the sex drive than before, 
they must be independently motivated. 

The theme of the view which I am 
advocating might be summarized in the 
words of a once-popular song, whose 
title is, “Every little movement has a 
meaning all its own.” I should perhaps 
restate this to read, “Every little action 
has a motive all its own.” My point, 
of course, is not that sex has been over- 
rated, but rather that it already has 
enough to account for, without our 
burdening it with more than its fair 
share of responsibility. 


A Soctorocisr’s Virw or INSTINCT 
Meyer F. Nimkoff 


Since Dr. Allee, a zoologist, has dealt 
mainly with the lower animals, and 
Dr. Nissen, a psychologist, with chim- 
Panzees, my function is to consider the 
question of instinct in relation to man. 
Although sociologists concern themselves 
Primarily with man, they need for 
Proper perspective on this question of 
instinct some knowledge of the motiva- 
tions of other animals. This knowledge 
comes largely from zoology and psychol- 
08y. Sociologists may, of course, prop- 
erly study the social life of animals other 
than man, although few do so. f 

To avoid semantic difficulties, it is 
desirable at the outset to clarify tbe 
concept of instinct, which the two pre- 
ceding discussants have done. Central 
to the concept are the ideas that the be- 
havior is complex, common to the spe- 
cies, and unlearned. An example is the 
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building of nests by birds. A bird that 
has never seen any other bird build a 
nest will still build a nest if the condi- 
tions are right. There is, in fact, an 
inner compulsion that forces certain ani- 
mals through the motions of nest-build- 
ing even when the necessary materials 
are lacking. The nests of different spe- 
cies of birds may vary much more than 
do the nests of any one species. 

Does man have any instincts? The 
early psychologists, William James, Wil- 
liam McDougall, and E. L. Thorndike, 
drew up long lists of instincts. James 
said man had more instincts than any 
other animal. His list included sucking, 
crying, locomotion, curiosity, shyness, 
cleanliness, pugnacity, fear of dark 
Places, acquisitiveness, love, jealousy. 

About 1924 the reaction set in with 
the publication of Instinct by L. L. 

ernard, a sociologist, who showed how 
confused was the use of the term. Cov- 
ering some 400 authors, he disclosed that 
about six thousand urges had been called 
instinctive, These were of two kinds, 
those of a general nature like sex and 
Social behavior, and those that were 
More specific like “an instinct for the 
Piano” and “an instinct to avoid eating 
the apples of one’s own orchard.” From 
Our perspective today, Bernard’s analy- 
seems like a catitature: Le 

uman psychology was bunet, 
Knight Dunlap and John B. Watson 
added their nails to the coffin with their 
accent on conditioning and sey 

The tendency in recent years has been 
to reserve the term instinct to the Jower 
animals. Man’s nervous system 1S not 

i i < aictating behavior be- 
as imperious in dictating a ee 
cause it is more complex than tha te 
other animals and is less fully coordi- 
nated at birth. For instance, it takes 
human being longer to learn to wal 
than it does an ape- This complexity 
and plasticity of the human organism 
makes possible more and ag learning. 
So, in the case of human beings, we 
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drop the term instincts and speak of | 
organic drives, which are more general. 

There are also drives of a purely social 

origin which have been termed wishes 

or motives. Most of man’s behavior is 

learned, whereas most of a bird’s be- 

havior is not learned. 

The problem of instinct appears to 
be a matter of differences in the degree 
of the learning capacity of organisms. 
Some students object to the use of the 
term instinct even in reference to the 
lower animals because they, too, may 
be capable of learning and are not me- 
chanistically repetitive in their behavior. 
Even the lowly amoeba can, apparently, 
learn to alter its behavior in response to 
new stimuli. Birds improve the quality 
of their nests with practice, and learn 
from other birds. So the differences 
between man and the lower animals can 
be exaggerated. The anthropomorphic 
danger is ever present, and man must 
beware of his bias in favor of himself. 
The evolutionary viewpoint is a whole- 
some corrective, emphasizing as it does 
differences in degree as well as differ- 
ences in kind. 

We can stress the fact that differences 
in learning ability fall along a con- 
tinuum, but this need not cause us to 
lose sight of the fact that differences in 
degree may be very considerable indeed. 
The ants have complex behavior pat- 
terns based on the division of labor, 
differentiation of status, and different 
classes of workers. These patterns are 
inherent in the structure of each ant and 
show little change except as the ant 
may change. Professor W. M. Wheeler 
examined ants embedded in Baltic am- 
ber fifty to seventy-five million years 
ago and concluded that these ants had 
developed all their various castes just 
as they exist today. The larvae and 
the pupae were the same. They kept 
guest beetles in their nests and had 
parasitic mites attached to their legs in 
the same special positions as do our 
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species today. Apparently the ants have 
learned very little in fifty million years. 
On the other hand, man has learned 
much. A community like New York 
City with its eight million inhabitants 
and complex social organization is very 
different indeed from an Eskimo band 
of 10 to 100 individuals or thereabouts, 
a change which represents a cultural 
span of about 15,000 years. So we may 
say that while other animals may have 
some culture, the amount is negligible, 
and man is the only animal with a sub- 
stantial and significant culture. The 
differences in cultural level among ani- 
mals reflect differences in learning ca- 
pacity, a biological phenomenon. Among 
large groups of men, like races and na- 
tions, differences in learning are the re- 
sult of differences in opportunities for 
building culture, not differences in in- 
herited learning ability. 

Sociology depends on biology and psy- 
chology for knowledge of the inherited 
biological nature of man. What can 
sociology itself contribute to our under- 
standing of this problem? Sociology is 
interested in the structure and function 
of social systems: that is, the total cul- 
tural organization that constitutes man’s 
social environment. We cannot control 
the human environment experimentally, 
like that of birds or chimpanzees, to ob- 
serve how individuals behave when 
reared in isolation. The folkways and 
mores, which are so important to human 
learning, nowhere permit this. 

While it does not seem Possible to 
hold the human environment constant 
by isolating individuals and denying 
them the opportunity of learning from 
the group, we can in a sense reverse the 
situation and observe what happens 
when the genetic factor is held constant 
as it is when very large groups of human 
beings are involved, Individual differ- 
ences in genetic traits are minimized or 
cancelled out under these conditions. 

What we find in different human so- 
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cieties is a considerable diversity of cus- 
toms. Some cultures are strictly monog- 
amous, others polyandrous, still others 
polygamous. Some societies do not per- 
mit divorce, most societies frown on it 
but permit it, and a few encourage it. 
The folkways are marked by variety. 
This is thought to demonstrate man’s 
highly flexible inherited tendencies. 

Underlying the diversities, however, 
are certain uniformities. Whether it be 
monogamous, polyandrous, or polyga- 
mous, the family is everywhere to be 
found. So it is natural to ask: do the 
uniformities in culture the world over 
reflect certain common human drives 
that are genetically determined? Are 
the cultural universals an expression of 
man’s unique biological nature? 

In the case of the family, the answer 
seems clearly to be in the affirmative. 
The universality of the human family 
as a social institution rests on the fact 
that there are two sexes endowed with 
a sex drive and that the human infant 
is highly dependent on others for sur- 
vival. The family is omnipresent, but 
the organization of the family varies 
greatly. So we conclude that the pres- 
ence and broad outlines of this institu- 
tion are determined by man’s biology, 
but not the details of structure and 
function. 

Cultural universals are not the only 
indicators of man’s innate biological 
nature. Cultural preferences may be in- 
dicators, too. While culture patterns 
vary widely, some patterns are more 
common than others. Polygamy, the 
marriage of one male and several fe- 
males, is much more frequent than poly- 
andry, the mating of several males and 
one female. Does this suggest that po- 
lygamy is more compatible with the 
biological nature of man than poly- 
andry? The evidence from the primates , 
supports this interpretation. The male, 
generally larger than the female, often 
shows signs of jealousy and possessive- 
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ness. The organization of a baboon 
family is described by Zuckerman as 
consisting of a male overlord, his female 
or females, together with their young, 
and sometimes including one or more 
bachelors” or unmated males. 

It is not safe, however, to infer that 
behavior is genetically determined sim- 
ply because it is found to be widespread, 
or even universal. Take, for example, 
the taboo against incest. Every society 
enjoins incest, although the definition 
varies, as does that of the family. Viola- 
tion of the incest taboo is severely pun- 
ished, and few if any offenses are re- 
garded as more serious. Is the horror 
of incest “instinctive,” as some have 
argued? If so, it would hardly seem 
necessary to have a taboo against it. 
The explanation of the taboo is not 
clear, as may be gathered by an exami- 
nation of the voluminous literature on 
the subject. A more plausible explana- 
tion for the incest taboo is that it is 
the result of universal social factors and 
that it helps to promote social organiza- 


tion. Itis difficult, for instance, to see , 
how authority patterns could be main- 
tained in the family without it. There- 
fore we are°unable to conclude that hu- 
man behavior which is universal must, 
by virtue of this fact, be biologically 
motivated. There may be universal 
considerations in the acquired social 
situation which prompt the behavior. 

Moreover, behavior which is biologi- 
cally induced may be modified by the 
culture so that its usual or normal ex- 
pressions are not evident. The sex 
drive, for instance, can be repressed. 
People can be persuaded to fast and 
even starve to death, although it is 
difficult to see how the latter behavior 
could be universalized if society is to 
persist. 

In short, there does not seem to be 
any easy formula which we can use 
for determining what is learned and 
what is genetically motivated in human 


behavior. 
[MS. received July 7, 1952] 
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ON THE PROBLEM OF PERCEPTUAL DEFENSE 


LEO POSTMAN 
University of California 


In a recent issue of this journal, 
Howie (9) published a spirited attack 
on the concept of perceptual defense 
used by Bruner and Postman in the 
analysis of motivational factors in per- 
ception (2, 3, 4, 20). Since the writer 
had himself come to the conclusion that 
the facts which gave rise to this concept 
can be better subsumed under other, 
more general, principles of perception 
(16, 18, 21), he would have been ready 
to welcome Howie’s statement. It ap- 
Pears, however, that Howie was right 
for the wrong reasons and used question- 
able polemics to make his points. The 
Purpose of the present note is to recon- 
sider the status of perceptual defense 
and to clear up some of the misconcep- 


tions which appear in Howie’s argu- 
ment. 


ORIGINS AND STATUS or THE CONCEPT 

Original statement 
Let us begin by briefly sketching the 
development and Present status of the 
perceptual defense concept. The prin- 
ciple was first formulated in connection 
with the analysis of recognition thresh- 
olds for words from different meaning 
classes. It was found that negatively 
valued stimuli had, under some condi- 
tions, higher thresholds than positively 
valued or neutral ones, In addition, the 


of the concept. 


These 


e mech- 
and, in- 


very begin- 
ning that perceptual defense was not in 


itself an explanatory principle and that 


the mechanisms mediating it remained 
to be discovered. To quote from the 
first statement concerning perceptual de- 
fense: “One may inquire at this point, 
‘How does the subject know that a word 
should be avoided?’ In order to repress, 
he must first recognize it for what it 1S- 
We have no answer to propose. - - è 
Of only one thing we can be fairly sure: 
reactions do occur without conscious 
awareness of what one is reacting to. 
Psychological defense in perception 15 
but one instance of such ‘unconscious 
reaction” (20, p. 152). Clearly, then, 
perceptual defense was a descriptive 
principle of perceptual functioning—4 
statement about an outcome of thresh- 
old measurement—whose specific medi- 
ating mechanisms were a problem for 
the future. 

The problem of mediating mecha- 
nisms. The next step was to speculate 
about possible mechanisms (4). Hy- 
potheses about mediating aecromege 8 
had, of course, to come to grips wit 
the apparent paradox of perceptual de- 
fense—that the stimulus has to be some- 
how discriminated in order for the 
Processes delaying its recognition to be 
brought into play. Upon closer inspec- 
tion the paradox turned out to be 4 
semantic problem. There may be ee 
than one kind of discrimination, in the 
sense that more than one class of ba 
sponses may be systematically ogee 
to variations in the stimulus. Such dif- 
ferent discriminations may (a) have 
different thresholds and (5) facilitate 0” 
inhibit each other. It has been shown, 
for example, that reduced stimulation 
insufficient for correct verbal report 
(such as a brief tachistoscopic exposure 
may be adequate to trip off conditioned 
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autonomic responses (12, 15).+_ Such 
autonomic responses (discrimination 
without awareness) may in turn delay 
the appearance of the correct verbal 
response defining discrimination with 
awareness. Exactly this sequence of 
events was proposed by McGinnies (15) 
in explanation of what appeared to be 
defensively high thresholds for the rec- 
ognition of taboo words. I am not here 
arguing in favor of that specific hy- 
pothesis; in fact, as I shall try to show 
presently, other conceptualizations of 
these data are more satisfactory. What 
I wish to insist on at this point is (4) 
that perceptual defense referred to an 
observed property of certain recognition 
thresholds, (6) that there was nothing 
inherently illogical about such a con- 
cept, and (c) that it was possible to 
hypothesize specific mechanisms mediat- 
Ing it. 

Reanalysis and reduction to general 
brinciples. The concept of perceptual 
defense did, however, prove an uneco- 
Nomical one, or at least an expendable 
one. What had appeared as a special 
Principle could, upon reanalysis, be con” 
Sidered a special case of more general 
Principles of perceptual functioning- 
There were two sets of considerations 
which led to this conclusion: problems 
of experimental control, and theoretical 
Parsimony. adi 

1. Experimental control. Empirically, 
Perceptual defense refers to the difer- 
ence between recognition thresholds for 
neutral and anxiety-arousing stimuli. 
Clearly, perceptual defense can be ia 
ferred on the basis of such data oniy 
if other more general determinants k 
the observed differences 7 = : 
have been adequately controlled. Such 


1 Before such autonomic a ae bh 
confidently regarded as evidence or oa Sake 
discrimination rather than 2S a ann 
method of measurement (cf. 7), i ey s E 

be validated by means of other classes of re- 


sponses (cf. 17). 
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control has proved difficult. For ex- 
ample, the striking differences between 
recognition thresholds for neutral and 
taboo words reported by McGinnies 
(15) can upon reanalysis be ascribed 
largely to differences in familiarity be- 
tween the two classes of words and the 
effects of selective-reporting sets (7, 18). 
In other studies in which complex stimu- 
lus materials such as sentences (23) and 
pictures (5) were used, the evaluation 
of the relative familiarity and structural 
difficulty of the neutral and critical 
stimuli is so difficult that the threshold 
differences cannot be interpreted as evi- 
dence for a defensive process. Similar 
difficulties of interpretation arise in 
studies which correlate sensitivity to 
critical stimuli with independent per- 
sonality measures of the Ss (5, 6, 11). 
Even though the personality measures 
purport to classify Ss in terms of their 
proneness to defensive reactions, it does 
not follow that the threshold differences 
observed do, in fact, represent different 
degrees of perceptual defense. A rigor- 
ous operational definition of defense 
would have to anchor the concept in 
antecedent as well as in consequent con- 
ditions. Since the antecedent conditions 
have not been fully specified or brought 
under experimental control, alternative 
interpretations of the observed threshold 
differences in terms of such variables 
as familiarity and selective set remain 
possible. Such alternative interpreta- 
tions are indirectly supported by the fact 
that variables like familiarity and selec- 
tive set can be experimentally manipu- 
lated and do produce variations in 
thresholds analogous to those ascribed 
to perceptual defense (18), 

2. Theoretical parsimony. In the de- 
velopment of a general theory of per- 
ception one of the major requirements is 
the formulation of constructs which have 
the highest possible degree of generalit¥. 
The applicability of such concepts 
should, for example, not be restricted to: 
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special types of motivatioagl situations. 
Tentative attempts at the formulation 
of such a theory, centering about the 
concept of perceptual hypothesis, have 
been published elsewhere (i, 16). A 
hypothesis was defined as a predisposi- 
tion of the perceiver to organize stimulus 
cues in specific ways. Such hypotheses 
are anchored on the antecedent side in 
conditions of stimulus input and speci- 
fied conditions of the organism (includ- 
ing drives and motives) and on the con- 
sequent side in systematic perceptual re- 
sponses (discriminations, verbal reports, 
etc.). Hypotheses vary in strength, i.e., 
they vary in the amount of stimulation 
necessary to arouse, confirm, or deny 
them. We have found the concept of 
hypothesis useful in the analysis of a 
considerable body of experimental data, 
including the phenomena of perceptual 
defense which can now be economically 
conceptualized in terms of interference 
among competing hypotheses. “What 
appears to be perceptual defense results 
from the dominance of strong alterna- 
tive hypotheses rather than from active 
repression of the inimical or dangerous. 
In the presence of partial information, 
strong hypotheses incompatible with the 

teatening stimulus may be evoked. 
- - - If this is the case, the subject will 
appear to be defending himself against 
perception. . . . If, however, hypothe- 
ses related to the negative stimuli are 
Strong, the opposite of defense will ap- 
pear to operate” (16, Pp. 256 f.).? 
Thus, the demands of theoretical parsi- 
mony led us to abandon perceptual de- 
fense as a special Principle of perception 
and to fit the phenomena to which it 


2 This shift in interpretation from an inhibi- 
tory mechanism to a principle of competition 
among incompatible responses Parallels devel- 
opments in the theory of retroactive inhibi- 
tion (cf. 14). It is to be noted that in his 
p-per Howie makes no reference to the dis- 
cussion quoted here or to a related statement 
(21) bearing on the interpretation of per- 
“ceptual defense. 
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referred into a broader theoretical con- 
text. ’ 

Such, as we see it, is the “case his- 
tory” of the concept of perceptual de- 
fense to date. The concept was sug- 
gested by challenging experimental data 
and served the purpose of raising useful 
empirical questions and sharpening the- 
oretical issues. The reasons for which 
such a concept is accepted or rejected 
appear to us to be of critical importance, 
for they reflect the intellectual climate 
in which theory construction proceeds, 
the rules by which we agree to abide in 
our theorizing even though specific cons 
structs may come and go. I believe 
that Howie’s critique of perceptual de- , 
fense is largely based on criteria whose 
acceptance would be dangerous to sound 
psychological theorizing and to experi- 
mental initiative. Thus, even though I 
do not now hold a special brief for the 
concept of perceptual defense, I feel it 
necessary to register my disagreement 
with most of his arguments. 


EVALUATION or Howre’s CRITIQUE 


Several lines of criticism are advanced 
by Howie in his attack on perceptual 
defense—operational, logical, and, most 
important and pervasive of all, meta- 
physical. Let us now consider them in 
detail. 

Relation between defense and other 
motivational principles. The principle 
of perceptual defense asserted that the 
perceptual process serves to minimize 
recognition of objects and events inimi- 
cal to need and expectations. ‘This prin- 
ciple was supplemented by the appar- 
ently antithetical principles of percep- 
tual vigilance and perceptual resonance 
(2, 20). Vigilance referred to the em- 
pirical observation that under some conr 
ditions the organism is more sensitive 
to threatening or inimical stimuli than 
to neutral ones. Resonance referred to 
S’s tendency to give prerecognition hy- 
potheses (i.e., to interpret reduced, un- 
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clear stimuli) in accordance with his 
needs and expectancies. As a result the 
probability of an early correct recogni- 
tion response is increased if the stimulus 
actually belongs to the class of ob- 
jects (e.g., words) which are the major 
sources of prerecognition hypotheses. 
The interrelation among these three 
Principles provides Howie with his first 
target of attack. The criticism centers 
around two points: (a) the difficulty of 
operational delimitation of these anti- 
thetical concepts and (b) the imputed 
Motivation behind their postulation. 
_Let us turn to the operational criti- 
cism first. The legitimate question is 
raised as to where one principle begins 
and the other ends, i.e., how these differ- 
ent concepts are to be concretely applied 
to empirical data (cf. also 13). It is 
true that some of the early statements 
of the three principles made their pre- 
cise demarcation difficult when they 
Were used in the speculative interpreta- 
tion of observed perceptual responses. 
They can, however, be given adequate 
and mutually exclusive definitions. Let 
us remember that the concepts were 
introduced to account for observed dif- 
ferences in thresholds for stimuli from 
different meaning classes. Using the 
thresholds for standard “neutral” stim- 
uli as points of reference, thresholds for 
stimuli from specific meaning classes 
which are significantly higher would de- 
fine defense, thresholds which are sig- 
nificantly lower would define vigilance. 
These specific meaning classes would, of 
Course, have to be defined independently 
of the threshold data Oon the basis of a 
theoretical analysis of the conditions : 
defense and/or vigilance. Ideally, a4 
critical meaning characteristics shou 
be produced by means of er 
manipulations of the eRe ened tes 


the establishment of a condit 
response (cf. 12) The critical classes 


of stimuli would also have to be equated 
to the standard stimuli in terms of other 
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characteristics (familiarity, structural 
properties) relevant to their discrimin- 
ability. Short of such control of ante- 
cedent conditions, alternative explana- 
tions of the threshold differences are 
possible and a precise demarcation of 
significantly “vigilant” and significantly 
“defensive” thresholds must remain diffi- 
cult. 

The situation is, of course, in no way 
different for the concepts of facilitation 
and inhibition in learning which Howie 
contrasts favorably with the defense- 
vigilance antihomy. When the learning 
of a list A has a significant influence on 
the learning or retention of list B, it is 
often impossible to tell to what extent 
facilitation and inhibition both entered 
into the transfer effect. Facilitation and 
inhibition must be defined in terms of 
the net transfer effects obtained under 
standard experimental conditions. 

As for resonance, it is capable of 
direct identification and measurement in 
terms of the latency and frequency of 
different types of prerecognition hy- 
potheses given by S prior to correct 
recognition of the stimulus. The less 
the latency and/or the higher the fre- 
quency of prerecognition hypotheses 
from the same meaning class as the stim- 
ulus, the higher is the degree of reso- 
nance. The same feature of perceptual 
responses has been analyzed by Solomon 
and Howes (8, 24) under the heading 
of response probability. 

In summary, then, descriptive defini- 
tions allowing for the demarcation of 
defense, vigilance, and resonance are 
possible. As was pointed out above, 
however, theoretical parsimony leads to 
the abandonment of these as principles 
in their own right since they are re- 
ducible to special cases of more general 
principles. 

Howie directs his major criticism at 
what he believes to be the reasons ‘ior 
the introduction of antithetical prin- 
ciples such as defense and vigilance. Ti 
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discussing the principle of vigilance he 
writes, “In this notion we have an at- 
tempt to incorporate within the theory 
of perception a reality prirciple with- 
out which resonance and defense would 
make veridical perception impossible 
and, confining the person within his 
economy of need determinations, would 
deny him any effective adjustment to 
conditions other than his wishes or his 
fears” (9, p. 309). And in another 
place he avers that vigilance is “brought 
in to meet the ultimate solipsistic diffi- 
culty of resonance and defense-deter- 
mined perception” (9, p. 310). These 
reasons are Howie’s; they were not ours. 
The introduction of these principles 
stemmed from empirical observations, 
not from a struggle with problems of 
epistemology and metaphysics. Percep- 
tual phenomena are what they are, no 
matter what may be the nature of the 
“real,” concern with which we are con- 
tent to leave to the Philosophers. How- 
ever, if we may allow ourselves for the 
moment to engage in epistemological 
argument, it can be easily shown that 
a principle of Perceptual defense does 
not involve us in the “ultimate solipsis- 
tic difficulty” from which we must then 
extricate ourselves by means of a prin- 
ciple of vigilance. Perceptual defense 
refers to observed quantitative varia- 
tions in recognition thresholds, ie, it 
was asserted that within the constraints 
of the stimulus situation the individual 
will avoid or delay recognition of inimi- 
cal stimuli. It has never been asserted 
that the individual is incapable of recog- 
nizing inimical stimuli and hence is in 
danger of being encapsulated in an 
autistic world of his own; the only claim 
was that the thresholds for some classes 
of objects under some Conditions of the 
organism were higher than for other 
classes of objects. By the same token, 


the principle of vigilance denoted the 
fact that under some Conditions of the 
brganism thresholds for some classes of 
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objects are lowered.* As a statement 
concerning variations in sensitivity, per- 
ceptual defense involves neither greater 
nor lesser epistemological hazards than 
do such time-honored psychological 
stand-bys as “selective set” and “atten- 
tion.” A 

It is interesting to note that Howie is 
perfectly willing, as are we, to speak of 
the determination of perceptual recogni- 
tion by “conditions of relative set-domi- 
nance.” But then, if we are to fall 
in with his epistemological worries, is 
there not serious danger that, to para- 
phrase the statement previously quoted, 
the individual will be “confined within 
the economy of his set-dominances 
which would deny him any effective 
adjustment to conditions other than 
those fitting his set-dominances”? Se- 
lective sensitivity is still selective sensi- 
tivity by any other phrase and is, more- 
over, an empirical fact, whether or not 
it fits any epistemological preconcep- 
tions. It appears that the objection can- 
not be to the hypothesis of perceptual 
selectivity but rather to the word, “de- 
fense.” And an ill-chosen word it was 
if unwarranted surplus meanings and 
overinterpretations of the term are as 
compelling as they seem to be. 

The logical paradox of perceptual de- 
fense. Howie’s second major criticism 
concerns the logical paradox implied by 
the concept of perceptual defense: “To 
speak of perceptual defense . . . is to 
speak of the perceptual process as some- 
how being both a process of knowing 
and a process of avoiding knowing” (9, 
p. 310). We have already considered 
this problem and have tried to show 
that it is a semantic one arising out of 
ambiguities in the definition of the term 
knowing. A few additional comments 
are in order here. It seems quite inap- 

3 The statement that certain classes of dis- 
criminations will be “minimized” or “maxi- 


mized” (4), to which Howie objects, is to be 
interpreted in this sense only, 
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Propriate to bar the use of a concept 
by constructing verbal contradictions 
which somehow seem to be suggested 
by the concept. The only contradictions 
which provide serious grounds for objec- 
tion are incompatible operations or in- 
compatible deductions entailed by the 
use of a given concept. The context 
of empirical investigation in which per- 
ceptual defense was used made it clear 
from the very beginning that it referred 
to a lack of one-to-one correspondence 
between two different sets of perceptual 
discriminations—those measured by cor- 
rect verbal response and those inferred 
from other systematic response tenden- 
cies in the presence of the stimulus. 
What is gained by then labeling both 
sets of discrimination as knowing, and 
announcing that the concept entails a 
Simultaneous process of knowing and 
avoiding to know? * 

Finally, it should be noted that 
takes cognizance, in passing, of the 
resolution of the paradox (9, P- 310, 
footnote 2) but then dismisses it and 
Proceeds with his criticism since this 
resolution “involves a shift in status for 
Perceptual defense. Instead of a basic 
Principle of perception, it has become 
Something to be explained away.” The 
shift in status is of Howie's ow? con- 
struction. As we have pointed out re- 
Peatedly, perceptual defense was not an 
of such play on 


Howie 


4The inappropriateness 
Words may Tee further illustrated by a ieee 
ample from learning theory. One soa: that 
damental assumptions of Hull’s theory Jù zH 
the continued reinforcement of à r A ië: 
Sponse connection produces pice pee ducive 
ments in habit strength but is also “ne on 
to conditioned inhibition, i€- the rly dis- 
of a habit not to respond. mua tit tive 
tinguishes the conditions and quan esis 
Properties of these two simultaneous Procesy 
and the hypothesis has peen ate rgument 
fruitful, Yet a superficial semantic aoe short 
of the type discussed here wou Bs that 
shrift to Hull's hypothesis by ae ime b 
reinforcement cannot 4 Cee le ing 
condition of learning tO respon gnu: earning 
not to respond. 
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could not be°considered an ultimate ir- 
reducible principle which did not require“ 
further analysis in terms of mediating 
mechanisms. A 

The motivation behind motivational 
concepts in perception. Having pointed 
to the operational, logical, and epistemo- 
logical flaws in the concept of perceptual 
defense, Howie addresses himself to the 
motivation behind the acceptance of 
this concept. “Why,” he asks, “should 
it show such vitality, why should it 
prove so insidiously attractive?” (9, p. 
311). To analyze the intellectual mo- 
tives of one’s colleagues is a hazardous 
venture indeed, but Howie believes that 
there are two main sources of confusion 
which account for the insidious seduc- 
tive power of the concept of perceptual 
defense: “(1) the interpretation of proc- 
esses in terms of agency concepts and 
(2) the internalism of an exclusive 
emphasis on impulse” (9, p. 311). 

I am still not too clear about the first 
of these sources of confusion since it is 
stated in only the most general, and 
nebulous, terms. To speak of percep- 
tual defense is said to “commit a cate- 
gory mistake in representing ‘the facts 
of mental life as if they belonged to one 
logical type or category . . . when they 
actually belong to another’ ” (9, p. 311). 
As far as I can gather, the main objec- 
tion is to the ascription of defense to 
the perceptual process rather than to 
the person as a whole. Persons may 
perhaps defend themselves against per- 
ceptions, e.g., by shutting their eyes, but 
perceptual processes cannot. If I read 
the argument correctly, I submit that we 
are dealing with a semantic strawman 
which was erected only to be annihilated. 
When we ascribe properties to a process 
and then in turn attempt to explain 
certain observed outcomes in terms of 
these properties, we do not thereby en- 
dow the process with the status of ‘an 
agent with aims of its own, functioning 
independently of the total organism. 
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In the interests of analysi8,>we identify 
certain processes, such as perception, 
and try to give as full a description of 
their rules of functioning us possible. 
If we were to take Howie’s injunction 
seriously, it would be equally inap- 
propriate to analyze the memory process 
in terms such as retroactive and proac- 
tive inhibition, for after all, it is the 
whole man, and not the memory proc- 
ess, which does the remembering and 
forgetting! As long as the definition 
of processes remains anchored in ante- 
cedent and consequent conditions, we 
need not aggravate our problems with 
worries about their status as independent 
or dependent agents. 

The second alleged source of confu- 
sion is the “tendency to explain be- 
havior on a basis of organic impulse in 
fundamental separation from external 
influences” (9, p, 311). In considering 
this criticism, we must raise two separate 
and distinct questions: (a) is such a 
tendency necessarily implied by a con- 
cept such as perceptual defense (or, in 
general, by the hypothesis that needs 
may influence perception) and (b) has 
there, in point of actual fact, been such 
a tendency on the part of certain in- 
vestigators? I believe the answer to the 
first question is no, the answer to the 
second question is yes. 

j Operationally and empirically, there 
is nothing in the concept of perceptual 
defense which entails an interpretation 
of behavior on the basis of organic im- 
pulses in separation from external in- 
fluences. As was pointed out above, 
defense referred to quantitative varia. 
tion in recognition thresholds. Raised 
thresholds for certain types of stimuli 
were designated as defensive. This 
means that conditions of the organism 
may modulate or affect the perceptual 
process and, in this case, cause the final 
correct discrimination to þe delayed. 
In the same context, we have often 
‘spoken of the joint determination of per- 
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ceptual discrimination by sensory and 
directive factors (4, 16, 22). Such an 
analysis cannot reasonably be construed 
as representing an interpretation of be- 
havior exclusively in terms of motiva- 
tional determinants without regard to 
external (stimulus) determinants. In- 
deed, the very operations of the experi- 
ments in which perceptual defense was 
believed to have been demonstrated— 
the measurement of discrimination 
thresholds for certain classes of stimuli 
as a function of such variables as ex- 
posure time and/or intensity of illumi- 
nation—clearly disposes of the allega- 
tion of internalism. . 
It is true, however, that some in- 
vestigators have, in the interpretation 
of their results, shown a “projective 
bias,” i.e., they have neglected to carry 
out a full and precise analysis of the 
stimulus conditions and response dis- 
positions on which their inferences about 
perceptual discrimination were based.° 
Such a projective bias easily leads the 
investigator to ascribe to the operation 
of special motivational mechanisms ob- 
served variations in perception which 
can be economically interpreted in terms 
of more general principles of discrimina- 
tion (cf. 7,18). There is nothing about 
the hypothesis that needs may influence 
perception which, of necessity, leads to 
a projective bias in the interpretation 
of experimental data. In each experi- 
mental investigation, it is an empirical 
question whether and to what extent 
the manipulation of motivational vari- 
ables results in significant effects upon 
perceptual response dispositions. , 
The final argument in Howie’s cri- 
tique attempts to interpret the hy- 
pothesis of perceptual defense as an im- 
5Cf. also the distinction made by Krech 
and Crutchfield (10) between structural and 
functional factors. 
6 For a discussion of an operational analysis 


of experiments on motivation and perception 
see (17). 
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plicit endorsement of Freud’s principle 
of economy—that the organism has a 
basic drive to protect itself against 
stimulation. The chain of reasoning 
which leads to this rather startling con- 
clusion is somewhat as follows: (4) a 
suspicion” that the principle of percep- 
tual defense is an offspring of the econ- 
omy principle, (b) ergo, the principle 
of perceptual defense partakes of the 
same difficulties as does the principle of 
economy. By a series of assumptions 
and extrapolations which leave one 
rather breathless the hypothesis of per- 
Ceptual defense is made tantamount to 
the theory of the death instinct. And 
a hypothesis which was designed to ac- 
Count for certain variations in recogni- 
tion thresholds now has the consequence 
that “adjustment, intelligent behavior, 
and achievement become but ‘more com- 
Plicated and circuitous routes to the 
attainment of the goal of death’ [sic!]” 
(9, p. 314), 

It seems hardly necessary to try to 
tefute this argument in detail. I would 
venture only the following remarks. 

1. Howie’s suspicions about the an- 
Cestry of perceptual defense were Un- 
founded; he worried needlessly. 

2. Although I am as much opposed to 
Some of the excesses of Freudian theory 
as anyone else, I would hope that it 
is possible today to subject concepts 35- 
Sociated in one way Or another with psy- 
Choanalysis to experimental tests with- 
out arousing irrelevant emotional aa 
sens to ‘the entite body Ot -ERPUSSEP 

Octrine. f, 

3. The evaluation of concepts in ton 
of the motives which allegedly a in 
their introduction cannot but ee t in 
Tegrettable misunderstandings 2m ue 

5 d or fall 
tile debate. Concepts must stan! 
i E er the reasons, 
in their own right, whatev' ne 
Motives, or hunches which led someo! 
po d in any event, 
to think of them. de he is as likely 


however astute the cri 
Gs not tonadi his attempts at recon- 
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structing the°thought processes of the 
theorists with whom he wishes to dis- ° 


agree. 
SUMMARY AND CONCLUSIONS ` 


The concept of perceptual defense 
was formulated to account for a specific 
set of empirical data—raised recogni- 
tion thresholds for stimuli believed to 
be anxiety-arousing. The concept was 
not, and cannot be, regarded as an irre- 
ducible explanatory principle. To be 
maintained, it would have to be an- 
chored in antecedent and consequent 
conditions, and the mechanisms mediat- 
ing defense would have to be specified 
and related to other principles of per- 
ceptual functioning. Experimental and 
theoretical reanalysis suggests that per- 
ceptual defense need not, at least for 
the present, be regarded as a special 
principle of perception. The data to 
which it refers can be conceptualized in 
terms of more general principles. 

The concept cannot, however, legiti- 
mately be rejected on purely logical, epis- 
temological, or metaphysical grounds. 

The logical paradox of “knowing in 
order not to know” disappears when it 
is recognized that more than one class 
of discriminatory responses may occur 
in response to the same stimulus. Such 
different discriminations need not have 
the same thresholds and may under some 
conditions inhibit each other. 

It is inappropriate to evaluate hy- 
potheses concerning perceptual selectiv- 
ity in terms of preconceptions about a 
required degree of correspondence be- 
tween the “real” and the perceptual. 
How well perceptual discrimination cor- 
responds, in any given situation, with 
other measurements of the stimulus is 
an empirical question. 

The hypothesis that motivational fac- 
tors may influence perception (e.g., re- 
sult in delay of recognition) does not 
entail neglect of stimulus determinants 
or a disregard for the S’s verbal and 
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motor response dispositiòrs. Such a 
hypothesis merely focuses attention on 
the contribution of additional variables 
which in any given situation may or 
may not be significant. 
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While attempts to penetrate the 
boundary lines between psychology and 
sociology have been rather frequent dur- 
Ing the last few decades, psychologists 
have paid little attention to the prob- 
lems with which another sister discipline, 
economics, is concerned. One purpose 
of this Paper is to arouse interest among 
Psychologists in studies of economic be- 
havior. For that purpose it will be 
Shown that psychological principles may 

© of great value in clarifying basic 
questions of economics and that the 
Psychology of habit formation, of moti- 
vation, and of group belonging may 
Profit from studies of economic behavior. 

A variety of significant problems, such 
- aS those of the business cycle or infla- 
tion, of consumer saving or business in- 
Vestment, could be chosen for the pur- 
Pose of such demonstration. This paper, 

Owever, will be concerned with the most 
fundamental assumption of economics, 


€ principle of rationality. In order to 
Clarify the problems involved in 
ed by 


Principle, which have been neglect 
Contemporary psychologists, it will be 
Necessary to contrast the most common 
forms of methodology used in economi 
with those employed in psychology i 
to discuss the role of empirical researc 
M the social sciences. 


Turory AND HyPoTHESES 


e of 
Economic theory represents oi 


ical 
a Jaborate theoretica! 
eh awe ences. How- 


Structures in the social sci * ohieve- 
ever, dissatisfaction W! m has 
ments and uses of economic : on few 
grown considerably during the ay 
decades on the part of pas ae aT 
are interested in what et: ie o- 
in economic life. And CO 


ciologists and psychologists have re- 
cently declared “Economics is today, in 
a theoretical sense, probably the most 
highly elaborated, sophisticated, and re- 
fined of the disciplines dealing with 
action” (15, p. 28).* 

To understand the scientific approach 
of economic theorists, we may divide 
them into two groups. Some develop 
an a priori system from which they de- 
duce propositions about how people 
should act under certain assumptions. 
Assuming that the sole aim of business- 
men is profit maximization, these the- 
orists deduce propositions about mar- 
ginal revenues and marginal costs, for 
example, that are not meant to be suited 
for testing. In developing formal logics 
of economic action, one of the main 
considerations is elegance of the deduc- 
tive system, based on the law of parsi- 
mony. A wide gap separates these the- 
orists from economic research of an 
empirical-statistical type which registers 
what they call aberrations or deviations, 
due to human frailty, from the norm set 
by theory. 

A second group of economic theorists 
adheres to the proposition that it is the 
main purpose of theory to provide hy- 
potheses that can be tested. This group 
acknowledges that prediction of future 
events represents the most stringent test 
of theory. They argue, however, that 
reality is so complex that it is necessary 
to begin with simplified propositions and 
models which are known to be unreal 


1The quotation is from an introductory 
general statement signed by T. Parsons, E. A. 
Shils, G. W. Allport, C. Kluckhohn, H. A. 
Murray, R. R. Sears, R. C. Sheldon, S. Æ. 
Stouffer, and E. C. Tolman. The term “ac- 
tion” is meant to be synonymous with “be- 
havior.” 
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and not testable.2 Basic among these 
Propositions are the following three 
which traditionally have served to char- 


acterize the economic man‘ or the ra- 
tional man: 


1. The principle of complete informa- 
tion and foresight. Economic conditions 
—demand, supply, prices, etc.—are not 
only given but also known to the ra- 
tional man. This applies as well to 
future conditions about which there ex- 
ists no uncertainty, so that rational 
choice can always be made. (In place 
of the assumption of certainty of future 
developments, we find nowadays more 
frequently the assumption that risks 
prevail but the probability of occurrence 
of different alternatives is known; this 
does not constitute a basic difference.) 

2. The principle of complete mobility, 
There are no institutional or psycho- 
logical factors which make it impossible, 
or expensive, or slow, to translate the 
rational choice into action. 

3. The principle of pure competition. 
Individual action has no great influence 
on prices because each man’s choice is 
independent from any other person’s 
choice and because there are no “large” 
sellers or buyers. Action is the result 
of individual choice and is not group- 
determined. 


Economic theory is developed first 
under these assumptions. The theorists 
then introduce changes in the assump- 
tions so that the theory may approach 


grounded in a systemati 
from traditional theory (th 
example of such systemati: 
come accounting) ; some resear, 
based on any theory; finally, some research 
, has great affinity with Psychological and so- 
ciological studies, 
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reality. One such step consists, for 
instance, of introducing large-scale pro- 
ducers, monopolists, and oligopolists, 
another of introducing time lags, and 
still another of introducing uncertainty 
about the probability distribution of 
future events. The question raised in 
each case is this: Which of the original 
propositions needs to be changed, and 
in what way, in view of the new as- 
sumptions? 

The fact that up to now the procedure 
of gradual approximation to reality has 
not been completely successful does not 
invalidate the method. It must also be 
acknowledged that propositions were 
frequently derived from unrealistic eco- 
nomic models which were susceptible to 
testing and stimulated empirical re- 
search. In this paper we shall point to 
a great drawback of this method of 
starting out with a simplified a priori 
system and making it gradually more 
complex and more real—by proceeding 
in this way one tends to lose sight of 
important problems and to disregard 
them. p 

The methods most commonly used in 
psychology may appear at first sight to 
be quite similar to the methods, of eco- 
nomics which have just been described. 
Psychologists often start with casual ob- 
servations, derive from them hypotheses, 
test those through more systematic ob- 
servations, reformulate and revise their 
hypotheses accordingly, and test them 
again. The process of hypotheses-ob- 
servations—hypotheses-observations of- 
ten goes on with no end in sight. Dif- 
ferences from the approach of economic 
theory may be found in the absence in 
psychological research of detailed sys- 
tematic elaboration prior to any obser- 
vation. Also, in psychological research, 
findings and generalizations in one field 
of behavior are often considered as hy- 
potheses in another field of behavior. 
Accordingly, in analyzing economic be- 
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havior * and trying to understand ra- 
tionality, psychologists can draw on (a) 
the theory of learning and thinking, 
(b) the theory of group belonging, and 
(c) the theory of motivation. This will 
be done in this paper. 


HABITUAL BEHAVIOR AND GENUINE 
Decision MAKING 


In trying to give noneconomic exam- 
ples of “rational calculus,” economic 
theorists have often referred to gam- 
bling. From some textbooks one might 
conclude that the most rational place in 
the world is the Casino in Monte Carlo 
where odds and probabilities can be 
calculated exactly. In contrast, some 
mathematicians and psychologists have 
Considered scientific discovery and the 
thought processes of scientists as the 
best examples of rational or intelligent 
behavior.t An inquiry about the possi- 
ble contributions of psychology to the 
analysis of rationality may then begin 
with a formulation of the differences 
between (a) associative learning and 
habit formation and (b) problem solv- 
ing and thinking. 

The basic principle of the first form 
of behavior is repetition. Here the argi- 
Ment of Guthrie holds: “The most cer- 
tain and dependable information COP- 
cerning what a man will do in any ace 
tion is information concerning what 5e 
did in that situation on its last oech 
tence” (4, p. 228). This form o 


_ è The expression “economii 
in this paper to mean behavior © 
nomic matters (spending, 
Pricing, etc.). Some econo™ havior of 
the expression to mean the belay’ jor postu- 
“economic man,” that is, the ioe 
lated in their theory of rationali: of a to 
* Reference eoue ga me bok Productive 
ax Wi imer who «censible” an 
T. Anae CT. ane the terms a ie we 
“intelligent” rather than roto eriving conclu- 
are mainly interested bere 1? inking, the dis- 
sions from the psycholosy o ciples will be kept 
cussion of psychological A Chap. 3, 4)- 
extremely brief (see 6 and 


havior depeads upon the frequency of 
repetition as well as on its recency and? 
on the success of past performances. 
The origino of habit formation have 
been demonstrated by experiments 
about learning nonsense syllables, lists 
of words, mazes, and conditioned re- 
sponses. Habits thus formed are to 
some extent automatic and inflexible. 

In contrast, problem-solving behavior 
has been characterized by the arousal of 
a problem or question, by deliberation 
that involves reorganization and “direc- 
tion,” by understanding of the require- 
ments of the situation, by weighing of 
alternatives and taking their conse- 
quences into consideration and, finally, 
by choosing among alternative courses 
of action." Scientific discovery is not 
the only example of such procedures; 
they have been demonstrated in the psy- 
chological laboratory as well as in a 
variety of real-life situations. Problem 
solving results in action which is new 
rather than repetitive; the actor may 
have never behaved in the same way 
before and may not have learned of any 
others having behaved in the same way. 

Some of the above terms, defined and 
analyzed by psychologists, are also being 
used by economists in their discussion 
of rational behavior. In discussing, for 
example, a manufacturer’s choice be- 
tween erecting or not erecting a new 
factory, or raising or not raising his 
prices or output, reference is usually 
made to deliberation and to taking the 
consequences of alternative choices into 
consideration. Nevertheless, it is not 
justified to identify problem-solving be- 
havior with rational behavior. From 
the point of view of an outside observer, 


5 Cf. the following statement by a leadin 
psychoanalyst: “Rational TEn ES beliavibe 
that is effectively guided by an understanding 
of the situation to which one is reacting” (3, 
p. 16). French adds two steps that follow <he 
choice between alternative goals, namely, com- 


mitment to a goal and commitment to a plan 
to reach a goal. 
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habitual behavior may prove to be fully 
rational or the most appropriate way of 
action under certain circumstances, All 
that, is claimed here is that:the analysis 
of two forms of behavior—habitual ver- 
sus genuine decision making—may serve 
to clarify problems of rationality. We 
shall proceed therefore by deriving six 
Propositions from the psychological 
Principles. To some extent, or in certain 
fields of behavior, these are findings or 
empirical generalizations; to some ex- 
tent, or in other fields of behavior, they 
are hypotheses. 

1. Problem-solving behavior is a rela- 
tively rare occurrence. It would be 
incorrect to assume that everyday be- 
havior consistently manifests such fea- 
tures as arousal of a problem, delibera- 
tion, or taking consequences of the ac- 
tion into consideration. Behavior which 
does not manifest these characteristics 
predominates in everyday life and in 
economic activities as well. 

2. The main alternative to problem- 
solving behavior is not whimsical or im- 
pulsive behavior (which was considered 
the major example of “irrational” be- 
havior by nineteenth century philos- 
ophers), When genuine decision mak- 
ing does not take Place, habitual be- 
havior is the most usual occurrence: 
people act as they have acted before 
under similar circumstances, without 
deliberating and choosing. 

3. Problem-solving behavior is recog- 
nized most commonly as a deviation 
from habitual behavior. Observance of 
the established routine js abandoned 
when in driving home from my office, for 
example, I learn that there is a parade 
in town and choose a different route, 
instead of automatically taking the 
usual one. Or, to mention an example 
of economic behavior: Many business- 
men have rules of thumb Concerning the 
timing for reorders of merchandise; yet 
sometimes they decide to place new 
‘urders even though their inventories 
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have not reached the usual level of 
depletion (for instance, because they 
anticipate price increases), or not to 
order merchandise even though that 
level has been reached (because they ex- 
pect a slump in sales). 

4. Strong motivational forces— 
stronger than those which elicit habitual 
behavior—must be present to call forth 
problem-solving behavior. Being in a 
“crossroad situation,” facing “choice 
points,” or perceiving that something 
new has occurred are typical instances 
in which we are motivated to deliberate 
and choose. Pearl Harbor and the 
Korean aggression are extreme examples 
of “new ” events; economic behavior of 
the problem-solving type was found to 
have prevailed widely after these events. 

5. Group belonging and group rem- 
forcement play a substantial role in 
changes of behavior due to problem solv- 
ing. Many people become aware of the 
same events at the same time; our mass 
media provide the same information and 
often the same interpretation of events 
to groups of people (to businessmen, 
trade union members, sometimes to all 
Americans). Changes in behavior re- 
sulting from new events may therefore 
occur among very many people at the 
same time. Some economists (for in- 
stance, Lord Keynes, see 9, p. 95) 
argued that consumer optimism and 
pessimism are unimportant because usu- 
ally they will cancel out; in the light 
of sociopsychological principles, how- 
ever, it is probable, and has been con- 
firmed by recent surveys, that a change 
from optimistic to pessimistic attitudes, 
or vice versa, sometimes occurs among 
millions of people at the same time. , 

6. Changes in behavior due to genuine 
decision making will tend to be substan- 
tial and abrupt, rather than small and 
gradual. Typical examples of action 
that results from genuine decisions are 
cessation of purchases or buying waves, 
the shutting down of plants or the build- 
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ing of new plants, rather than an in- 
crease or decrease of production by 5 
or 10 per cent.° 

„Because of the preponderance of in- 
dividual psychological assumptions in 
classical economics and the emphasis 
placed on group behavior in this discus- 
Sion, the change in underlying conditions 
which has occurred during the last cen- 
tury may be illustrated by a further 
example. It is related—the author does 
not know whether the story is true oF 
fictitious—that the banking house of the 
Rothschilds, still in its infancy at that 
time, was one of the suppliers of the 
armies of Lord Wellington in 1815. 
Nathan Mayer Rothschild accompanied 
the armies and was present at the Battle 
of Waterloo, When he became con- 
vinced that Napoleon was decisively de- 
feated, he released carrier pigeons SO aS 
to transmit the news to his associates 
in London and reverse the commodity 
Position of his bank. The carrier Pr 
geons arrived in London before the 
news of the victory became public 
knowledge. The profits thus reaped 
laid, according to the story, the founda- 
tion to the outstanding position of the 
House of Rothschild in the followin’ 
decades. 

The decision to embar 
Course of action because OF | 
was then made by one individual tor 
his own profit. At present, news : 
a battle, or of change of governamen", 
or of rearmament programs, ig “rane 

; Š and radio 

mitted in short order by Press ie 
to the public at large- Busines a 
the manufacturers oF retailers pa S a8 
or clothing, for inst age T in 
ceive the same news about € a aad 
the price of raw materials or 19 Be- 
and often consult with each other. 
i al ite of ee e 
fs propone in bled py the Survey Re- 
Fat Raster Gt the University of Michigan 
(see 8 and also 7). 


kona new 
f new events 


č Some empirical 
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longing to she same group means being 
subject to similar stimuli and reinforcing 
one another in making decisions. Act- 
ing in the same way as other members 
of one’s group or of a reference group 
have acted under similar circumstances 
may also occur without deliberation and 
choice. New action by a few manufac- 
turers will, then, frequently or even usu- 
ally not be compensated by reverse ac- 
tion on the part of others. Rather the 
direction in which the economy of an 
entire country moves—and often the 
world economy as well—will tend to be 
subject to the same influences. 

After having indicated some of the 
contributions which the application of 
certain psychological principles to eco- 
nomic behavior may make, we turn to 
contrasting that approach with the tra- 
ditional theory of rationality. Instead 
of referring to the formulations of nine- 
teenth century economists, we shall 
quote from a modern version of the clas- 
sical trend of thought. The title of a 
section in a recent article by Kenneth 
J. Arrow is “The Principle of Rational- 
ity.” He describes one of the criteria 
of rationality as follows: “We can im- 
agine the individual as listing, once and 
for all, all conceivable consequences of 
his actions in order of his preference for 
them” (1, p. 135). We are first con- 
cerned with the expression “all con- 
ceivable consequences.” This expres- 
sion seems to contradict the principle 
of selectivity of human behavior. Yet 
habitual behavior is highly selective 
since it is based on (repeated) past ex- 
perience, and problem-solving behavior 
likewise is highly selective since reor- 
ganization 1s subject to a certain direc- 
tion instead of consisting of trial (and 
error) regarding all possible avenues of 
action. ` 

Secondly, Arrow appears to identify 
rationality with consistency in the sénse 
of repetition of the same choice. It is 
part and parcel of rational behavior, 
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according to Arrow, that an individual 
“makes the same choice each time he is 
confronted with the same set of alterna- 
tives” (1, p. 135).7 Proceerling in the 
same way on successive occasions ap- 
Pears, however, a characteristic of habit- 
ual behavior. Problem-solving behavior, 
on the other hand, is flexible, Rational- 
ity may be said to reflect adaptability 
and ability to act in a new way when 
circumstances demand it, rather than 
to consist of rigid or repetitive behavior. 

Thirdly, it is important to realize the 
differences between the concepts action, 
decision, and choice. It is an essential 
feature of the approach derived from 
considering problem-solving behavior 
that there is action without deliberate 
decision and choice. It then becomes 
One of the most important problems of 
Tesearch to determine under what condi- 
tions genuine decision and choice occur 
Prior to an action, The three concepts 
are, however, used without differentia- 
tion in the classical theory of rational- 
ity and also, most recently, by Parsons 
and Shils. According to the theory of 
these authors, there are “five discrete 
choices (explicit or implicit) which 
every actor makes before he can act” 
(15, p. 78); before there is action “a 
decision must always be made (explic- 
itly or implicitly, consciously or uncon- 
sciously)” (15, p. 89). 

There exists, no doubt, a difference in 
terminology, which may be clarified by 
mentioning a simple case: Suppose my 
telephone rings; I lift the receiver with 
my left hand and say, “Hello.” Should 
we then argue that 
choices, for instance, that I decided not 
to lift the receiver wi 
and not to say “Mr, 


7In his recent book Arrow adds after stat- 
ing that the economic man “will make the 
sam > decision each time he is faced with the 
same range of alternatives”: “The ability to 
make consistent decisions is one of the symp- 
toms of an integrated Personality” (2, p. 2). 


ing”? According to our use of the terms 
decision and choice, my action was ha- 
bitual and did not involve “taking con- 
sequences into consideration.” 8 Par- 
sons and Shils use the terms decision 
and choice in a different sense, and Ar- 
Tow may use the terms “all conceivable 
consequences” and “same set of alter- 
natives” in a different sense from the 
one employed in this paper. But the 
difference between the two approaches 
appears to be more far-reaching. By 
using the terminology of the authors 
quoted, and by constructing a theory 
of rational action on the basis of this 
terminology, fundamental problems are 
disregarded. If every action by defini- 
tion presupposes decision making, and 
if the malleability of human behavior is 


not taken into consideration, a one-sided 


theory of rationality is developed and 
empirical research is confined to testing 
a theory which covers only some of the 
aspects of rationality. p 

This was the case recently in experi- 
ments devised by Mosteller and Nogee. 
These authors attempt to test basic as- 
sumptions of economic theory, such as 
the rational choice among alternatives, 
by placing their subjects in a gambling 
situation (a variation of poker dice) 
and compelling them to make a decision, 
namely, to play or not to play against 
the experimenter. Through their experi- 
ments the authors prove that “it is fea- 
sible to measure utility experimentally” 
(14, p. 403) but they do not shed light 
on the conditions under which rational 


8 If I have reason not to make known that 
I am at home, I may react to the ringing of 
the telephone by fright, indecision, and de- 
liberation (should I lift the receiver or let the 
telephone ring?) instead of reacting in the 
habitual way. This is an example of prob- 
lem-solving behavior characterized as deviat- 
ing from habitual behavior. The only example 
of action mentioned by Parsons and Shils, “a 
man driving his automobile to a lake to go 
fishing,” may be habitual or may be an in- 
stance of genuine decision making. 
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behavior occurs or on the inherent fea- 
tures of rational behavior. Experiments 
in which making a choice among known 
alternatives is prescribed do not test the 
realism of economic theory. 


MaxIMizaTION 


Up to now we have discussed only one 
Ponal aspect of rationality—means 
aer than ends. The end of rational 
behavior, according to economic theory, 
1s maximization of profits in the case 
of business firms and maximization of 
utility in the case of people in general. 

A few words, first, on maximizing 
Profits. ‘This is usually considered the 
Simpler case because it is widely held 
(a) that business firms are in business 
to make profits and (b) that profits, 
More so than utility, are a quantitative, 
Measurable concept. 

When empirical research, most com- 
Monly in the form of case studies, 
showed that businessmen frequently 
Strove for many things in addition to 
Profits or in place of profits, most the- 
Orists were content with small changes 
m their systems. They redefined profits 
SO as to include long-range profits an 
what has been called nonpecuniaty OF 
Psychic profits. Striving for security oF 
for power was identified with striving 
for profits in the more distant fulust; 
Purchasing goods from 4 high bidder 


nity as the purchaser, 
the lowest bidder—to ci 
Often used in textbooks—W** f 
to be maximizing of nonpecuniary pro: j 
its. Dissatisfaction with this m d 
theory construction is rather we i 
For example, a leading theorist wrote 
recently: 

If whatever a business an does is c 
plained by the principle of CE dn, 
tion—because he does what he es to do, 


jmizes the sum of 
and he likes to do what maxi? 
his pecuniary and non-pecuniary profits—the 


analysis acquires the character of a system of 
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definitions and *tautologies, and loses much of 
its value as an explanation of reality (13, p° 


526). 


The same problem is encountered re- 
garding maximization of utility. Arrow 
defines rational behavior as follows: 
« |. among all the combinations of 
commodities an individual can afford, 
he chooses that combination which max- 
imizes his utility or satisfaction” (1, p. 
135) and speaks of the “traditional 
identification of rationality with maxi- 
mization of some sort” (2, p. 3). An 
economic theorist has recently charac- 
terized this type of definition as follows: 


The statement that a person seeks to maxi- 
mize utility is (in many versions) a tautology: 
it is impossible to conceive of an observational 
phenomenon that contradicts it... . What if 
the theorem is contradicted by observation: 
Samuelson says it would not matter much in 
the case of utility theory; I would say that it 
would not make the slightest difference. For 
there is a free variable in his system: the 
tastes of consumers. .. - Any contradiction of 
a theorem derived from utility theory can al- 
ways be attributed to a change of tastes, rather 
than to an error in the postulates or logic of 


the theory (16, pp. 603 f.).° 


What is the way out of this difficulty? 
Can psychology, and specifically the 
psychology of motivation, help? We 
may begin by characterizing the prevail- 
ing economic theory as a single-motive 
theory and contrast it with a theory of 
multiple motives. Even in case of a 
single decision of one individual, multi- 
plicity of motives (or of vectors or 
forces in the field), some reinforcing 
one another and some conflicting with 
one another, is the rule rather than the 
exception. The motivational patterns 
prevailing among different individuals 
making the same decision need not be 
the same; the motives of the same in- 
dividual who is in the same external situ- 
ation at different times may likewise 

© 


> The quotation refers specifically to Samuel- 
pas definition but also applies to that of 
rrow. f 
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differ. This approach opens the way 
(a) for a study of the relation of differ- 
ent motives to different forms of be- 
havior and (b) for an invéStigation of 
changes in motives. Both problems are 
disregarded by postulating a single-mo- 
tive theory and by restricting empirical 
studies to attempts to confirm or con- 
tradict that theory. 

The fruitfulness of the psychological 
approach may be illustrated first by a 
brief reference to business motivation. 
We may rank the diverse motivational 
patterns of businessmen by placing the 
striving for high immediate profits 
(maximization of short-run profits, to use 
economic terminology; charging what- 
ever the market can bear, to use a popu- 
lar expression) at one extreme of the 
scale. At the other extreme we place 
the striving for prestige or power. In 
between we discern striving for secur- 
ity, for larger business volume, or for 
profits in the more distant future. Un- 
der what kinds of business conditions 
will motivational patterns tend to con- 
form with the one or the other end of 
the scale? Preliminary studies would 
seem to indicate that the worse the busi- 
ness situation is, the more frequent is 
striving for high immediate profits, and 
the better the business situation is, the 
more frequent is striving for nonpecuni- 
ary goals (see 8, pp. 193-213). 

Next we shall refer to one of the 
Most important problems of consumer 
economics as well as of business-cycle 
Studies, the deliberate choice between 
saving and spending. Suppose a college 
professor receives a raise in his salary 
or makes a few hundred extra dollars 
through a publication. Suppose, fur- 
thermore, that he suggests thereupon to 
his wife that they should buy a televi- 
sion set, while the wife argues that the 
mnney should be put in the bank as a 
reserve against a “rainy day.” What- 

. ever the final decision may be, tradi- 
tional economic theory would hold that 
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the action which gives the greater sat- 
isfaction was chosen. This way of the- 
orizing is of little value. Under what 
conditions will one type of behavior 
(spending) and under what conditions 
will another type of behavior (saving) 
be more frequent? Psychological hy- 
potheses according to which the strength 
of vectors is related to the immediacy of 
needs have been put to a test through 
nationwide surveys over the past six 
years.° On the basis of survey findings 
the following tentative generalization 
was established: Pessimism, insecurity, 
expectation of income declines or bad 
times in the near future promote saving 
(putting the extra money in the bank), 
while optimism, feeling of security, €x- 
pectation of income increases, or good 
times promote spending (buying the 
television set, for instance). 
Psychological hypotheses, based on @ 
theory of motivational patterns which 
change with circumstances and influence 
behavior, thus stimulated empirical stud- 
ies. These studies, in turn, yielded a 
better understanding of past develop- 
ments and also, we may add, better pre- 
dictions of forthcoming trends than did 
studies based on the classical theory (see 
footnote 10). On the other hand, when 
conclusions about utility or rationality 
were made on an a priori basis, research- 
ers lost sight of important problems.** 


10In the Surveys of Consumer Finances, 
conducted annually since 1946 by the Survey 
Research Center of the University of Michigan 
for the Federal Reserve Board and reported 
in the Federal Reserve Bulletin. See also 8 
and a forthcoming publication of the Survey 
Research Center on consumer buying and in- 
flation during 1950-52. 

11 Jt should not be implied that the concepts 
of utility and maximization are of no value 
for empirical research. Comparison between 
maximum utility as determined from the van- 
tage point of an observer with the Pattern of 
goals actually chosen (the ‘subjective maxi- 
mum”), which is based on insufficient infor- 
mation, may be useful. Similar considerations 
apply to such newer concepts as “minimizing 
regrets” and the “minimax. 
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Disanisuinc UrILITY, SATURATION, 
AND ASPIRATION 


_ Among the problems to which the 
identification of maximizing utility with 
rationality gave rise, the measurability 
of utility has been prominent. At pres- 
ent the position of most economists ap- 
Pears to be that while interpersonal com- 
parison of several consumers’ utilities is 
not possible, and while cardinal meas- 
ures cannot be attached to the utilities 
of one particular consumer, ordinal 
ranking of the utilities of each individual 
can be made. It is asserted that I can 
always say either that I prefer A to B, 
or that I am indifferent to having A oF 
B, or that I prefer B to A. The theory 
of indifference curves is based on this 
assumption. ; 
_ In elaborating the theory further, it 
1S asserted that rational behavior con- 
Sists not only of preferring more of the 
same goods to less ($2 real wages to $1, 
or two packages of cigarettes to one 
Package, for the same service per- 
formed) but also of deriving diminishing 
Mcrements of satisfaction from succes- 
sive units of a commodity.” 
of an old textbook example, 0” 
of water has tremendous value to 2 
thirsty traveler in a desert; a second, 
third, or fourth drink may still nat 
some value but less and less 50; an nth 
drink (which he is unable to carry 
along) has no value at all. 
ization derived from 
that the more of a on 
more money a person NaS, ~ 
are his needs a that commodity ew 
money, and the smaller his incen 
add to what he has. 

In addition to using 
saturation to describe 
the rational maz, ™ 
applied it to one of the most we 

« minishing utility was 

12 This principle oF omdency of human na- 

called a “fundamenta oreonth century econo- 


ture” by the grea 
mist, Alfred Marshall. 


this principle of 
the behavior of 
dern economists 
pressing 
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problems of contemporary American 
economy. Prior to World War II the 
American people (not counting business 
firms) owsed about 45 billion dollars 
in liquid assets (currency, bank de- 
posits, government bonds) and these 
funds were highly concentrated among 
relatively few families; most individual 
families held no liquid assets at all (ex- 
cept for small amounts of currency). 
By the end of the year 1945, however, 
the personal liquid-asset holdings had 
risen to about 140 billion dollars and 
four out of every five families owned 
some bank deposits or war bonds. What 
is the effect of this great change on 
spending and saving? This question has 
been answered by several leading econ- 
omists in terms of the saturation prin- 
ciple presented above. “The rate of 
saving is. - + 4 diminishing function 
of the wealth the individual holds” (5, 
p- 499) because “the availability of 
liquid assets raises consumption gener- 
ally by reducing the impulse to save.” 18 
More specifically: a person who owns 
nothing or very little will exert himself 
greatly to acquire some reserve funds, 
while a person who owns much will have 
much smaller incentives to save. Simi- 
larly, incentives to increase one’s income 
are said to weaken with the amount of 
income. In other words, the strength 
of motivation is inversely correlated 
with the level of achievement. 

In view of the lack of contact between 
economists and psychologists, it is 
hardly surprising that economists failed 
to see the relevance for their postulates 
of the extensive experimental work per- 
formed by psychologists on the problem 
of levels of aspiration. It is not neces- 
saty an this paper to describe these 
studies in detail. It may suffice to for- 


18 The last quotation is from the publication 
of the U. S. Department of Commerce, Survey 
of Current Business, May 1950, p. 10. This 
quotation and several similar ones are dis- 
cussed in 8, pp. 186 ff. 
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mulate three generalizations as estab- 
lished in numerous studies of goal-striv- 
ing behavior (see, for example, 12): 


1. ‘Aspirations are not static, they are 
not established once for all time. 

2. Aspirations tend to grow with 
achievement and decline with failure. 

3. Aspirations are influenced by the 
performance of other members of the 
group to which one belongs and by that 
of reference groups. 


From these generalizations hypotheses 
were derived about the influence of as- 
sets on saving which differed from the 
Postulates of the saturation theory. 
This is not the place to describe the 
extensive empirical work undertaken to 
test the hypotheses. But it may be re- 
ported that the saturation theory was 
not confirmed; the level-of-aspiration 
theory likewise did not suffice to explain 
the findings. In addition to the vari- 
able “size of liquid-asset holdings,” the 
Studies had to consider such variables 
as income level, income change, and 
savings habits. (Holders of large liquid 
assets are primarily people who have 
saved a high proportion of their income 
in the past!) 1 

The necessity of studying the interac- 
tion of a great number of variables and 
the change of choices over time leads to 
doubts regarding the universal validity 
of a one-dimensional ordering of all al- 
ternatives. The theory of measurement 
of utilities remains an empty frame un- 
less people’s established preferences of 
A over B and of B over C provide indi- 
cations about their Probable future be- 
havior. Under what conditions do peo- 
ple’s preferences give us such clues, and 
under what conditions do they not? If 
at different times A and B are seen in 
different contexts—hecause of changed 


17 The empirical work was part of the eco- 
nomic behavior program of the Survey Re- 
. search Center under the direction of the au- 
thor. See (8) and also (10) and (11). 
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external conditions or the acquisition of 
new experiences—we may have to dis- 
tinguish among several dimensions. 

The problem may be illustrated by an 
analogy. Classic economic theory postu- 
lates a one-dimensional ordering of all 
alternatives; Gallup asserts that answers 
to questions of choice can always be 
ordered on a yes-uncertain (don’t 
know)-no continuum; are both argu- 
ments subject to the same reservations? 
Specifically, if two persons give the same 
answer to a poll question (e.g., both say 
“Yes, I am for sending American troops 
to Europe” or “Yes, I am for the Taft- 
Hartley Act”) may they mean different 
things so that their identical answers do 
not permit any conclusions about the 
similarity of their other attitudes and 
their behavior? Methodologically it 
follows from the last argument that yes- 
no questions need to be supplemented 
by open-ended questions to discern dif- 
ferences in people’s level of information 
and motivation. It also follows that 
attitudes and preferences should be as- 
certained through a multi-question ap- 
proach (or scaling) which serves to de- 
termine whether one or several dimen- 
sions prevail. 


On THEORY CONSTRUCTION 


In attempting to summarize our con- 
clusions about the respective merits of 
different scientific approaches, we might 
quote the conclusions of Arrow which 
he formulated for social science in gen- 
eral rather than for economics: 


To the extent that formal theoretical struc- 
tures in the social sciences have not been based 
on the hypothesis of rational behavior, their 
postulates have been developed in a manner 
which we may term ad hoc. Such proposi- 
tions . . . depend, of course, on the investi- 
gator’s intuition and common sense (1, p. 137). 


The last sentence seems strange in- 
deed. One may argue the other way 
around and point out that such prop- 
ositions as “the purpose of business is 
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to make profits” or “the best business- 
man is the one who maximizes profits” 
are based on intuition or supposed com- 
mon sense, rather than on controlled 
observation. The main problem raised 
by the quotation concerns the function 
of empirical research. There exists an 
alternative to developing an axiomatic 
system into a full-fledged theoretical 
Model in advance of testing the theory 
through observations. Controlled ob- 
servations should be based on hypothe- 
ses, and the formulation of an integrated 
theory need not be delayed until all ob- 
Servations are completed. Yet theory 
Construction is part of the process of 
hypothesis-observation-revised hypothe- 
Sis and prediction-observation, and sys- 
tematization should rely on some em- 
pirical research. The proximate aim of 
scientific research is a body of empiri- 
cally validated generalizations and not 
a theory that is valid under any and 
all circumstances. 

The dictum that “theoretical struc- 
tures in the social sciences must be based 
on the hypothesis of rational behavior’ 
Presupposes that it is established what 
rational behavior is. Yet, instead of 
€stablishing the characteristics of ra- 
tional behavior a priori, W first 
determine the conditions a1, Č 


the conditions a2, b2, 62 Y 
havior of the type 42 J2 
occur. Then, if we wish, 
nate one of the forms © 
rational, The contribution: 

ogy to this process won SE meth: 
odological; findings 2® prin 
RNN Dae provide Uae 
ses for the study of economic is =e op 
Likewise, psychology can profit a mthe 
study of economic pebavior | oe 
many aspects of behavior, ie a ie 
them the problems f rational! y, y 
be studied most fruitfully 12 the eco- 


nomic field. 
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This papér was meant to indicate some 
promising leads for a study of rational- 
ity, not to carry such study to its com- 
pletion. Among the problems that were 
not considered adequately were the 
philosophical ones (rationality viewed 
as a value concept), the psychoanalytic 
ones (the relationships between rational 
and conscious, and between irrational 
and unconscious) , and those relating to 
personality theory and the roots of ra- 
tionality. The emphasis was placed 
here on the possibility and fruitfulness 
of studying forms of rational behavior, 
rather than the characteristics of the 
rational man. Motives and goals that 
th and are adapted to circum- 


change wi l 
stances, and the relatively rare but 


highly significant cases of our becoming 
aware of problems and attempting to 
solve them, were found to be related to 


behavior that may be called truly ra- 
tional. 
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One of the most striking defining fea- 
tures of the psychology of man is that 
he is a thinking creature. The ever- 
flowing stream of mental activity—the 
stream of thought, as James called it, is 
a most fundamental fact of our science. 
As Hebb (5) has pointed out, the prob- 
lem of the thinking process is of pre- 
eminent importance, and must be dealt 
with if a number of subsidiary problems 
are to be adequately handled. 

This paper presents a broad and sche- 
matic formulation concerning the think- 
ing process. While it is highly specula- 
tive and does not touch upon a num- 
ber of significant problems involved in 
thinking, it can be argued that all we 
are equipped to do in this area at the 
Present time is to speculate—as cleverly 
and hopefully as we can. In a matter 
as important as that under consideration 
a broad freedom in hypothesizing AF” 
Pears permissible, providing that it is 
labeled as speculation. 


TRANSIENT FUNCTIONS 


By transient functions I refer to an 
those mental phenomena which "a 
Phenomenally transient ag ed 
as thinking, feeling, imagining, nctions 
ing, and dreaming. Transient E 
have the characteristic that a SA that 
along a physical time nes 


1From the Veterans Aam his paper is a 
pital, Palo Alto, Caliform- | | Research Con- 
revision of a talk delivered at ká Psychologists, 
ference of the Bay Area ene Some of the 
October 4, 1951, Pale ` originally dur- 
S ; Joped origi 
ideas presented We pred, Attneave, WhO, 
along with Gregory Bae and made a 
Winder, read t e 
number of helpful suggestions. 


jnistration Hos- 


they may be likened phenomenally to a 
“stream of consciousness.” 

We assume that underlying such men- 
tal activity is neural activity, which 
represents it in an invariant manner. 
We therefore are interested in the na- 
ture of this neural activity. We assume, 
on introspective grounds, that the con- 
tent of the mental activity undergoes 
relatively constant change, and ee 
quently we assume a relatively constant 
change in the underlying neural activity. 

A question immediately arises: does 
this changing neural activity consist of 
changes in terms of which specific neural 
units are being discharged, or does it 
consist rather of changes in the pattern 
of pertinent neural activity? The first 
alternative implies that the discharge 
of a given neural unit would always in- 
dicate a given mental content; the sec- 
ond implies that the discharge of a given 
neural unit would not indicate a given 
mental content, but rather that its 
“meaning” would be a function of the 
pattern of neural discharges of which 
it was a part. 

I have chosen to follow up certain 
implications of the second alternative. 
My reasons for assuming the patterning 
possibility are discussed elsewhere (16). 
Briefly, they are based upon the argu- 
ment that a pattern system would be 
more efficient than a specific unit sys- 
tem for transient functions. I do not 
postulate any actual likeness between 
the neural pattern and the percept it 
represents. The neural pattern would 
be symbolic in representation and not 
isomorphic, topologically or otherwise. 

One important implication of the pat- 
tern approach should be noted immedi- 
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ately. If the same neural. units may 
express different thought contents at 
different times, which is the essence of 
a pattern system, then these rame neural 
units cannot also be postulated to under- 
lie memory, i.e., those neurons whose 
discharge would imply a given mental 
content cannot be the same neurons 
which somehow maintain such of this 
content as may be remembered, for in 
the former case the neural discharge 
would mean different things at different 
times, whereas in the latter case it would 
be required that the neuron somehow 
carry relatively permanently a given 
meaning. The conceptualization being 
Presented therefore supposes an ana- 
tomically, though not functionally, sepa- 
rate memorial system. This separation, 
it may be noted, is not made in Hebb’s 
5) theory: in his theory the neural 
basis of transient functions consists es- 
sentially of the discharge of those same 
neurons which carry the given data as 
memory. 

The neural discharge pattern postu- 
lated to underlie transient functions may 
be viewed in either of two ways: first, 
as a succession of different discharge 
patterns occurring periodically or quasi- 
periodically; or, second, as a continu- 
ously changing discharge pattern. The 
first possibility implies that changes in 
the pattern would occur between the 
successive pattern discharges, whereas 
the second implies that the effective dis- 
charges would be continuous. It is pos- 
sible that our choice from these alterna- 
tives is simply one of theoretical con- 
venience, but it does appear that the 
first possibility has a certain logical ad- 
vantage. If pattern discharges are to 
have specific meanings and effects—on 
behavior, memory, or consciousness— 
they must be specific Patterns, i.e., there 
must be no pattern change during the 
discharge. This is merely another way 
of stating the first alternative above. 

We assume, then, a succession of 


Paur McReEYvNoLDs 


neural discharge patterns as underlying 
transient mental functions. I will refer 
to these successive patterns as moments 
(1s). This is after the work of Stroud 
(20, 21), though my usage of the word 
is slightly different from his. The phe- 
nomenal counterpart of a M may be 
termed a percept, and moment sequence 
will be used to refer to any number of 
M’s which occur successively. The phe- 
nomenal counterpart on an M sequence 
would be, under appropriate conditions, 
a “stream of thought.” 

The hypothesis that thinking some- 
how consists of a succession of discrete 
“pieces” is not a new one. Bain (9, p- 
245) and James (9) may be referred to 
in this connection. More recently a 
“moment function hypothesis” has been 
stated by Stroud (20), and McCulloch 
and Pitts (15) have independently de- 
veloped, in a different context, what As 
essentially a discontinuity hypothesis. 
Also, Walter (24) has presented a bold 
theory of transient functions based 
largely upon a television analogy. All 
these persons have developed important 
and stimulating points of view. While 
my interpretation differs in many re- 
spects from theirs, I wish to acknowl- 
edge my strong indebtedness to them. 


EMPIRICAL CONSIDERATIONS 


Sufficient experimental data are not 
yet available to provide crucial tests of 
the points so far stated. There are cer- 
tain findings, however, which are in ac- 
cord with the hypothesis, i.e., which sug- 
gest that the brain works as if it were 
like our model, and some of these may 
be noted now. è À 

Perhaps the most obvious suggestive 
evidence that transient mental functions 
occur discretely is the rhythmic, quasi- 
periodic nature of the EEG. There are, 
of course, various electrica] rhythms in 
the brain involving complicateq phase 
relationships and harmonics, although 
by no means all of the electrical activity 
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of the brain is periodic. Alpha is prob- 
ably the best-known rhythm, though it 
is by no means certain that the various 
manifestations of 10-per-sec. activity 
which are termed alpha all have the 
same function or origin. Further, it 
appears that at least in certain areas 
alpha may be a complex with three dif- 
ferent components (26). The sugges- 
tion here is that at least some of the 
alpha activity is intimately related to 
the postulated discrete, successive M’s 
of thought. 

It follows, as Walter (24) has pointed 
out in a different context, that the in- 
terval between M’s should typically ap- 
Proximate .1 sec. One should, therefore, 
expect to find in the literature certain 
Pertinent time values of .1 sec. Several 
Of these may be mentioned briefly. 
(For other examples see the sections on 

Oluntary Action and on Memory and 

arning in this paper.) 

(a) Dodge (4) in 1907 postulated the 
necessity of a clearing-up process in 
visual perception which precludes a suc- 
Cession of adequate visual fixations Un- 
der .1 sec, each. (b) Pillsbury (27, Pe 
696) in 1913 concluded that the maxi- 
mum rate of shift of attention is onc® 
every |1 sec. (c) Stein (27, P- 689) in 
1928 reported that a word tends to be 
Perceived as the same regardless of the 


Order in which the letters are cet 
Scopically presented provided the pen 
exposure time does not exceed -1 : 
(d) The brightness enhancement ° the 
flickering light is maximum we 


in 

2 While this interpretation assumes is. 
EEG waves to be an a ae observed 
charge, it does not assume Coons the 
changes in potential which const ential spikes. 
are due to aggregates of fiber PO 


ja rtain EEG waves 
Rather, it is probable to in potential (14). 


repr t directly 2 © ili i- 
AMtunction of this might be to (ec The 
odic discharges in certain ne EG rhythms to 
Postulated relation of Sects be due to the 
M discharges might | ki 
brain E functioning a8 @ aoe 


pulsation rate is in the neighborhood of . 
10 per sec. (2, p. 974). 

These data should not be interpreted 
to suggest that the brain cannot deal 
with stimuli or changes in stimuli of 
less than .l-sec. duration, as Walter 
(24) appears to suggest. McCulloch 
(15), likewise, hypothesizes .1 sec. as a 
scanning interval, and thus implies that 
the brain (at least with regard to audi- 
tory and visual stimuli) effectively han- 
dles only stimulus changes occurring 
every .1 sec. or more. I am not ab- 
solutely certain that I have interpreted 


these theorists correctly, but in any 
event it is to be noted that stimulus 


changes involving much less than .1 sec. 
may be reacted to. This statement is 
confirmed by work in stroboscopic mo- 
tion, in flicker, and in flutter-fusion, in 
all of which changes over time values 
of much less than .1 sec. may influence 
the perception. 

The situation, then, is this: certain 
mental phenomena appear to be based 
upon a mechanism with approximately 
a .1-sec. time unit, whereas certain other 
data appear to be dealt with in terms 
of much shorter time units. How may 
these generalizations be reconciled? 

My suggestion is this: that we are 
here dealing with two different, though 
closely related problems. I suggest that 
the dynamics of data at the high level 
—in terms of conscious perception, 
awareness, decisions, changes in the train 
of thought, and conscious discrimination 
—operate in terms of the successive 
neurological patterns which I have re- 
ferred to as M’s, the time unit for which 
approximates .1 sec. I further suggest 
that there are in the brain analyzing 
areas, the function of which is to react 
to changes in sensory data occurring 
over very brief periods before these 
data are expressed as M’s, and that the 
integrating time values for these areas 
may be much less than .1 sec. This 
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would permit the changes per se to be 
“represented in M’s, 


It may be asked: if the alpha rhythm 
is invoked as a Tough index of succes- 
sive M frequency, why is it that alpha is 
So easily disrupted by sensory stimula- 
tion, and what does the disruption 
Mean? The inference that alpha refers 
to a quasi-periodic transient mental 
function appears to be contraindicated 
at the outset by the fact that when 
transient functions are, in a sense, most 
Pronounced, as when one is giving rapt 
attention to a Sensory stimulus, the 
alpha disappears, 

Let us examine briefly the nature of 
the Sensory input. All, or nearly all, 
such information is carried on neurons, 
and there are three possible ways by 
which information may be expressed by 
Neurons: (a) frequency of impulses, 
(b) frequency modulation, and (c) spec- 
ificity of neurons, ie., which neurons 
are involved. With respect to the first 
two, the data are meaningful only with 

3 This is the problem faced also, though in 
contexts, by McCulloch and by 
McCulloch Suggests that alpha rep- 
Tesents, in certain occipital and temporal areas, 
the sweep of an alerting pulse involved in the 
analysis of spatial and temporal Patterns, and 
that the Teason alpha apparently disappears, 
in the presence of perti- 
nent sensory stimulation, is that the signals 
caused by sensory data being scanned mask 
In other words, as I 
understand him, McCulloch believes that alpha 
disappear under sensory stimu- 
Walter suggests that alpha indicates, 


of scan is featureless, the 


smooth and thythmic, but in the Presence of 
sensory stimulation of a spatial sort the suc- 


cession of runs and checks would disturb this 
characteristic. Insofar as the preliminary 
analysis in the brain of Spatial patterns is con= 
céined, the hypotheses Offered by these men 
are certainly worthy of Consideration, though 
it is difficult to square the facts of perception 
with a time base as long as 1 sec, 
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regard to’ some time base. In order for 
changes in stimulus values to be dealt 
with accurately, these time bases should 
be as short as possible. The faster 
waves which appear when alpha disap- 
pears under sensory stimulation may 
reflect partially the quick, successive in- 
tegration of the incoming frequency 
data. It would be a case not so much 
of alpha being blocked or masked as 
of its being succeeded by wave forms 
reflecting entirely different functions. 
This would reconcile the fact that stimu- 
lus changes Occupying much less than 
-l sec. can be perceived with our view 
that the stream of thought mechanism 
operates basically upon an approxi- 
mately 10-per-sec. frequency. 3 

My conjecture is that there exists, 
somewhere within the brain, a “center 
to which all data which become part of 
the stream of consciousness are sent, and 
which “directs” our voluntary behavior. 
The succeeding neural discharge pat- 
terns which I have postulated to under- 
lie the stream of thought, and which I 
have referred to as M ’s, would occur in 
this center, which I shall hereafter refer 
to as the moment manifold The fre- 
quency of the M’s as stated earlier, 15 
taken to approximate 10 per sec. in the 
normal, awake adult. When incoming 
sensory data are not being analyzed (in 
subjective terms, when no attention is 
being given to sensory stimuli) those 
areas of the brain handling such analytic 
functions would tend to get in harmony 
with the M rhythm. 

With regard to the time bases of the 


*It is tempting to speculate, on the basis of 
the stimulating work of Penfield and eat 
sen (18) and of Thomson (22), that | ia 
“center” may be in the diencephalon. It is 
be noted, however, that the hypothesis aoe 
not require a “center” in the usual anatomic: 
sense. Proper pacing of noncontiguous dis- 
charges could be regulated by a Set of neurons 
providing periodic nonspecific facilitation, mak- 
ing it possible for the M manifold to be widely 
dispersed. 
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various receiving areas for integrating 
incoming frequency data, I see no re- 
quirement in the present model that 
these different areas all have the same 
Periodicities, or that such periodicities 
anoula be invariant. When a perception 
nvolves data from several different sen- 
Sory modalities, however, it would seem 
that the different periodicities should 
ave some fairly constant ratio to each 
Other, and this expectation may be re- 
red speculatively to the large number 
OE harmonics found in the brain (25, 


Moment INTERACTION 


The M manifold may be considered in 
terms of input, output, and intermoment 
dynamics. The output consists of the 
Periodic M discharges. The input, in- 
Cluding that from the sensory areas, 
ae not be periodic, or, if some of it 

Periodic, need not be at M frequency, 
or, if some of it is at M frequency, need 
Not be in phase with M discharges. 
_ With regard to intermoment dyn 
ics, we postulate that the pattern of each 

tends to persist in the M manifold 
and to affect the pattern of the next M. 
his is the same postulate I have else- 
Where (16) referred to under the head- 
Ing of “transient traces.” It may help 
Us to deal systematically with such mat- 
ters as the continuity of thought shifts 
the sequence of thought, association 
of ideas, and rigidity and looseness 10 
thinking in which 
There are at least two Ways m es A 
an M pattern might tend to persis i 
the sense of affecting the next M <a 
charge, (a) The neural pattern maces 
tend to continue by means of gem 4 
circuits, and (5) the rae affect 
8iven neural unit in one mig iEvely 
the excitability curve for the re! jee 
immediate refiring of the same 

i iþili re not nec- 
Circuit. These possibilities a i ne 
€ssaril tually exclusive, ane each © 
ee A useful theoreti- 

them could possibly be 


am- 
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cally: the former in helping to explain. 
the tendency of certain features of 
thought to persist, and the latter in ex- 
plaining the inability of maintaining ex- 
clusive attention on a nonchanging sub- 
ject for more than a very brief period. 

Further conjecture along this line 
would not be justified here, but I believe 
there would be no great difficulty in de- 
signing a hypothetical model to accom- 
plish any type of persistence that we 
care to postulate. The real problem is 


to determine exactly what we want the 
For the present let us 


model to do. 
postulate simply that each M pattern 
ef time, and that 


tends to persist for a bri 
during this time its tendency to persist 
gradually declines.’ The time of per- 
sistence would have to be great enough 
to span to the next M, so that the 
greater the persistence, and/or the 
nearer in time the next M (M fre- 
quency) the greater would be the effect 
of the persistence in determining the 
make-up of the succeeding M. The ap- 
parent simplicity of this postulate is 
falsely disarming, for all manner of 
problems arise when one conjectures as 
to exactly how the persistence of Mı 
and the input to the M manifold might 
combine to produce the Mə output. 
Without considering these problems 
here, however, we postulate that the 
greater the persistence and/or the higher 
the M frequency, the more successive 
M’s will tend to be alike, i.e., the more 


5 The M manifold may figuratively be con- 
ceptualized as a mosaic undergoing relatively 
continuous change as a function of (a) 
aperiodic input and/or input at various peri- 
odicities, and (b) the disappearance of the 
representation of previous input. The M’s 
may then be conceptualized as periodic pat- 
terns of discharge from this mosaic. In terms 
of analogy, as suggested by Gregory Bateson, 
one may conceive of a mosaic of lights under- 
going relatively continuous change. With_a 
high-speed camera one could take pictures of 
wom ees at rs intervals. These pictures 

represent tl i 
ferred to a M’s. e ee et 
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they will tend to have in common. A 
companion postulate is that M fre- 
quency and M persistence may vary, 
not only between Ss, but also within a 
given S at different times. 

In addition to M interaction in terms 
of the direct influence of one M on the 
next it is useful to postulate the exist- 
ence of a mechanism whereby certain 
relations between two successive M’s 
could themselves be represented as input 
in a succeeding M. For example, M3 
might include some kind of representa- 
tion of the extent of commonality of 
My, and Ms, or M, might include rep- 
resentation of differences in M, and Mo. 
This postulate, too, leads to all manner 
of difficulty when one attempts to work 
it out in detail, but I will not discuss 
those intricacies here. It, or some pos- 
tulate very much like it, seems to be 
necessary in order to keep us from get- 
ting lost in the fallacy of conceiving of 
the M manifold as a kind of screen upon 
which appear successive “thoughts” with 
a “little man in the head” sitting and 
comfortably viewing the procession.® 
The M manifold itself is intended to be 
the “little man,” and the model must 
Provide some basis whereby the process 
of thought itself becomes a part of suc- 
ceeding thought. 

It is suggested also that M’s may af- 
fect the content of succeeding M’s by 
influencing, to some extent, the input to 
the M manifold from the memorial sys- 
tem. More specifically, it is proposed 


6 An example of t 


consider that if Successive M’s represented the 


tion ipso facto would 
the case, even aside from t 
frequency of the M’s, as Postulated, is too 
law to underlie stroboscopic motion. What 
would result would be simply successive per- 
cepts, and nothing else. Motion is itself a 
perception, and therefore would itself have to 
be represented in an M. 
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that there is at least a tendency for the 
M’s to be “filed” in the memorial sys- 
tem, and that in this process certain 
data, already filed there, become more 
readily available as new input to the 
M manifold. Among the factors which 
might determine which of the memorial 
data would thus be made more available 
would be the degree of similarity, pos- 
sibly in terms of common parameters, 
between the input from the M manifold 
and the various memorial units. Fur- 
ther, I propose, as a postulate of the- 
oretical convenience, that at any given 
time the extent to which the availability 
of given memorial data is enhanced in 
this manner is a function not only of 4 
single preceding M, but of the additive 
effects of at least several preceding Ms, 
their respective influence being a func- 
tion of their recency. 


PERCEPTION OF SIMILARITY 


Consider now the problems of con- 
scious discrimination and the perception 
of the similarity of complex stimuli. In 
the present model all such perceptions 
will be considered to be based on suc- 
cessive comparison, i.e., to involve the 
comparison of successive M’s, in still 
following M’s, in terms of their neuro- 
logical likeness. Note that I am BEL 
referring to complex stimuli, i.e., stimu!! 
which have many dimensions. Another 
type of comparison of stimuli may 1n- 
volve what appears to be a single dimen- 
sion, such as comparisons of stimuli as 
to brightness, pitch, hue, etc. This lat- 
ter type I do not include within the pres- 
ent hypothesis. There is some reason 
to believe that it may involve an en- 
tirely different type of central mecha- 
nism, as suggested on logical moia 
by James (9, ch. 13) and by Landah 
(13). I think it possible that the simi- 
larity mechanism for multidimensional 
stimuli works on some kind of an over- 
lap basis, and that of unidimensional 
stimuli on some kind of difference, or 
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ratio, basis. While I believe that both 
of these could be fitted into the present 
model, I will restrict my present discus- 
sion to the comparison of complex 
stimuli. 

The overlap just referred to would 
occur in a sequence of successive MW’s as 
the comparative stimuli were being con- 
Sidered.* As to just what would over- 
lap I can offer only a guess, and my 
guess is that it would be something like 
the percentage of parameters in com- 
mon with the comparative stimuli. In 
accordance with this view is the finding 
by Attneave (1) of a high positive col 
telation between judged similarity of 
complex verbal stimuli and number of 
Ways the stimuli were conceived as 
being alike. 

The degree of overlap between suc- 
cessive M’s would be influenced by the 
Parameters which the comparative stim- 
uli kave in common, and this in turn 
Presumably would depend to some ex- 
tent on the familiarity of the S with the 
Comparison objects, and the attention 
he gives them. But it would also dë- 
pend on M frequency and persistence- 
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regard to their degree of similarity, his 
judgment is presumably based not only 
on the perceived likeness between them, 
but also on his adaptation level for simi- 
larity. Use of the concept of adapta- 
tion level (AL) in this context, while 
new, appears to be in accord with the 
view of Helson (6) that the concept has 
wide generality. Now ALsgim., in terms 
of the present model, would be some 
function of the central tendency of 
similarity represented in the multitude 
of past successive pairs of M’s. ALsim, 
would be high (marked overlap in suc- 
cessive M’s) when Mf is typically high 
and/or Mp is typically great; the re- 
verse would also be true. Consequently, 
even though a given S, for a given pair 
of comparison stimuli, might perceive 
the same amount of physical likenesses 
as another S, his perception of similarity, 
founded partly on his ALsim., would tend 
to be a function of his typical Mf and/or 
Mp. This variable I have elsewhere 
(17) discussed under the name of “simi- 
Jarity-standards.” It is to be noted that 
on the basis of the conceptualization 
proposed here this should tend to be a 
general trait, i.e., independent, to a 
large extent, of the type of stimuli being 
considered (so long as they are com- 
plex), since the pertinent variables are 
not only the particular dimensions of the 
stimuli, which would differ from stimu- 
lus to stimulus, but also Mf and Mp, 
which presumably are independent of 
the type of stimulus. 

The deduction that reactivity to psy- 
chological similarity tends to be a gen- 
eral trait, if valid, may have significant 
implications for understanding individ- 
ual differences in, and relationships be- 
tween, all phenomena which involve psy- 
chological similarity, such as transfer, 
satiation and co-satiation, the substitu- 
tion value of interpolated tasks, the 
resumption of incompleted tasks, retro- 
active inhibition, and the degree of 
heterogeneity of a train of thought. 
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VOLUNTARY ACTION 


One of the major types of output 
from the M manifold would be volun- 
tary action. There are several areas of 
evidence which conform to the hypothe- 
sis that voluntary behavior is based upon 
a quasi-periodic function with a typical 
frequency of approximately 10 per sec. 

1. Kibbler, Boreham, and Richter, 
studying the relation of the alpha 
rhythm and eye opening in response to 
an auditory stimulus, reported: “The 
measurements confirmed that the prob- 
ability of a response was not randomly 
distributed in time, but showed peaks 
and troughs recurring approximately 10 
per second and in accurate phase rela- 
tions with the alpha rhythm. Similar 
results were obtained for other volun- 
tary movements” (12, p. 371). 

2. Reaction time has been widely 

` studied since the last century and yet 
remains essentially a mystery. For ex- 
ample, for a single visual stimulus, the 
time lag between the stimulus and the 
most rapid response averages about .18 
sec. Why should it take so long? It 
takes only about .01 sec. for the im- 
pulses to be transmitted to the optic 
nerve, and only about .01 sec. more for 
the motor nerve discharge to initiate 
movement (3). 

Two men—independently, so far as I 
know—have formulated substantially 
the same hypothesis to explain this prob- 
lem. Stroud (20), in his Pioneering 
study of periodic phenomena, was struck 
with the discrepancy between the unpre- 
dictability of response to Single isolated 
stimuli and the very precise timing ; 

3 g in- 
volved in such everyday activities as 
piano playing and other finely coordi- 


nated rhythmic movements. Simple re- 
action times (RT’s) are, after all, really 
rather astonishingly great, Reaction 


times of .1 to 2 sec. are, for example, 
of sizable value in an athletic event such 
as the hundred-yard dash, or in swerv- 


ing one’s car to prevent an accident. 
Stroud’s hypothesis was essentially that 
the long RT’s are a function of M 
periodicity. Walter (24) has suggested 
a very similar explanation. 

This explanation can be fitted almost 
directly into the present model. Spe- 
cifically, the explanation would be as 
follows. The stimulus, coming at an 
unpredictable time with respect to the 
contemporary M phase, would occur at 
any time between, say, plus .09 sec. to 
minus .01 sec. before a given Ms. This 
M. would underlie awareness of the 
stimulus. But since there can be no 
change within an M, the reaction would 
be represented in the next M , My. The 
total time involved would thus be, for 
this simplest case, approximately 100 
ms. plus the elapsed time before Mz, i-€-» 
between 100 and 200 ms., the exact time 
being unpredictable in any given case- 

Further evidence that voluntary reac- 
tions to stimuli are based upon a com- 
mon periodic mechanism dealing with 
conscious thought processes is given by 
the fact that RT’s to various types of 
stimuli tend to be highly intercorrelated 
(27, p. 337). That the mean RT’s dif- 
fer for different types of stimuli implies 
that different analytic mechanisms are 
involved in preparing the sensory data 
for representation in the M manifold, 
and that these different processes take 
different lengths of time for the differ- 
ent modalities. 

3. Vince (23), in his study of track- 
ing (reactions to continuously changing 
stimuli), found that Ss attempting to 
make the proper movements with a con- 
trol mechanism in order to follow a mov- 
ing target tended to respond to the stim- 
uli as a unit when the interval between 
the stimuli was less than .1 sec. This is 
in accord with the report of Stetson and 
McDill who pointed out in 1923 that, 
with regard to fast movements, “move- 
ment elements occurring at the rate of 
10 per sec. are the units; at most then 
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movements can be modified not oftener 
than ten times in a second” (19, p- 23). 

4. The maximum frequency of repeti- 
tive movements, such as tapping the 
finger, is approximately 10 per sec- (27, 
p. 696). 


MEMORY AND LEARNING 


Another major type of output from 
the M manifold would be that to the 
memorial system. The interacting W’s 
conceptualization implies that the units 
of information to be “filed” are the con- 
tents of the M’s themselves. A given 
unit of memory could never be perceived 
exactly as it was originally, however, be- 
cause always there would be the persist- 
ence from the contemporary M se 
quence, and for the same reason data 
would never return to the memorial sys- 
tem unchanged. 

The studies of Penfield and Rasmus- 
sen (18, pp. 179-181) suggest that 
memory may be filed largely in the tem- 
poral areas. The report of Kennedy 
and Gottsdanker (10) indicates that 
the kappa electroencephalogram 1S sen 
mal during tasks involving active recall. 
Since the kappa rhythm has a cari 
of 8-13 per sec. and appears to a ae 
temporal origin, it is possible that + 
may be some kind of interrelation 
tween memorial and tra : 
whereby the memoria’ |. 
stated, at Mf, in what subjectively can 
be described as the search for a 8 
Pac in 

Among the major problems : ae £ 
are these: How are m 4 Ealer? 
ideas, or perceptions ir AC oi 
How is this influence By Baerlon? 
conditions? How do com P 


s in a tenta- 

Considering these ight 
tive and conjectural manner, how mig : 
ithin the context 0 


they be handled w! 
A a 1s model? 
the T A E SŠ pich would be linked 

First, the e the M’s. Second, the 


ight b t 
earen m age might be the persist- 


ence of one Jf into the next—the greater 
the degree of commonality between M’s 
(in learning, these would typically be 
successive M’s) the stronger the linkage. 

The learning of concepts would’ have 
to be based in some manner upon the 
linkages, i.e., the commonalities them- 
selves. It is as if there is some means 
whereby those features which sequences 
of M’s tend to have in common are filed 
separately, or in addition to, the M’s 
per se—and eventually can themselves 
become M manifold input. This will be 
recognized as very similar to James’ (9, 
p. 506) law of dissociation by varying 
concomitants. The essential meaning of 
it here is that concepts develop from the 
linkages in learning, or, to put it in an- 
other way, that it is chiefly concepts 
which link separate perceptions together. 

To bring motivation into learning in 
a systematic way in the present model 
it is necessary to postulate that degree 
of linkages, i.e., Mf and/or Mp, are 
influenced by motivational conditions. 
There is really no evidence that this is 
the case, but our present purpose is 
simply to show that it could be the case, 
and there are some interesting data 
which may be considered in this light. 
First, there is the frequent appearance 
of delta rhythms during certain emo- 
tional states. This could be interpreted 
to suggest that fixation in learning 
should be less during highly emotional 
states. The same type of interpretation 
could be used to explain why dreams are 
so poorly remembered. There is some 
evidence that anxiety increases the alpha 
frequency, or at least makes its fast com- 
ponents more dominant. This would im- 
ply that linkages during anxiety should 
be strong. It does not necessarily imply 
that behavior learned during anxiety 
would tend to be voluntarily repeated, 
or that it would be easily recalled—only 
that it would be well learned. Furter, 


The emotion itself would, of course, be 
represented within the M pattern. 
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there are the interesting reports by 
Walter (25, 26) concerning the theta 
thythm (frequency 6-8 per sec.). He 
finds a tendency for it to appear (chiefly 
in tho temporal area) in children with 
various emotions and in adults with the 
cessation of a pleasurable stimulus. 
Walter conjectures that it may be a re- 
sponse to “minus-pleasure.” Apparently 
it could also be described as a pattern 
which may appear with frustration, as 
a means, perhaps, of decreasing the de- 
gree of linkage of percepts which sub- 
jectively are felt to be frustrating. 

This discussion of learning and elec- 
troencephalographic findings should be 
interpreted as extremely tentative and 
speculative. The purpose has not been 
to prove a point of view, but simply to 
show that the present model could be 
elaborated in such a way as to include 
conscious learning. 


CONSCIOUSNESS 


The word consciousness is used here 
to refer not only to the capacity for 
selective reactivity but also to include 
awareness. Thus man not only has 
experiences, but he is aware of having 
experiences; he not only knows, but 
he knows that he knows; he 
thinks, but thinking itself ca 
the object of thought. 


not only 
n become 


10 This conception is currently out of fashion 
perhaps because it seems too metaphysical, 
But it is a problem nonetheless, When the 
final understanding of the neural ba: 
sciousness is obtained it is un] 
permit a real comprehension 
neural basis underlies conscio 
not expect the impossible, 


sis of con- 
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3 be as ever- 
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Viewed in this way, the stream of 
consciousness is more than just a se- 
quence of separate, independent per- 
cepts. Rather, part of the immediately 
past thought becomes a part of the pres- 
ent thought. The just past thought be- 
comes an object of perception in the 
present thought, which is itself a pos- 
sible object for the succeeding thought. 
There is continuity to the stream of 
consciousness, each thought giving way 
to the next, yet maintaining something 
of the previous thought. Whether this 
phenomenal continuity involves simply 
the types of interaction referred to ear- 
lier, or whether it is based upon still 
more obscure mechanisms, it does seem 
to occur.!! In terms of the present 
model the extension of one “thought” 
into the next, by whatever mechanism, 
would be in terms of M’s, and at least 
two of the pertinent variables would be 
Mf and Mp. 

Directly, the greater Mf and/or Mp, 
the greater the degree of consciousness 
and vice versa. When the succeeding 
M’s did not overlap at all, there would 
be no consciousness at all, and no think- 
ing in the usual meaning of the word. 
This would be the case, e.g, in deep 
sleep or deep anesthesia. It is note- 
worthy that under such conditions very 
slow brain waves do indeed appear, 
though it is, of course, merely a guess 
that they are indicative of Mf. 

When Mf and Mp are such that suc- 
ceeding M’s overlap slightly, a vague 
and indistinct type of consciousness 
should be the subjective counterpart. It 
would be true consciousness, however, 
because there could now be interaction 


— 
who asks, “Why does the earth pull the apple 
toward it?” What we may properly attempt, 
then, is to design a model with such character- 
istics as seem to be true of consciousness. 

11 My point of view here is based very 
largely upon James’ discussion of the Pure 
Ego. Readers who wish q more elaborate 
and enlightening presentation are advised to 
reread his Principles (9, ch. 10), 
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of succeeding “thoughts,” i.e., there 
would be more than the mere refiring 
of previously filed memory units, un- 
altered in any way by the process. 
Rather, there would be an interplay 
of succeeding thoughts in which the 
thoughts themselves could be objects of 
further thought. Such a state should be 
characterized by poor memory for the 
sequence of thought and a wide range 
of association. It might be the situation 
during dreams. If Mf and Mp are low, 
but not markedly so, then the state of 
consciousness should be more like that 
during drowsiness, mild toxic confu- 
sional states, anoxia, or alcoholic intoxi- 
cation, Learning, discrimination, and 
Memory should be mildly impaired. As 
Mf and Mp increase, so should the de- 
gree of consciousness. When these vari- 
ables are high there should be marked 
homogeneity of thought sequences and 
Pronounced fixation in learning. 


SUMMARY 


A speculative theory of thinking has 
been presented in the form of a hy- 
Pothetico-neurological model. It con- 
sists essentially of the view that the 
Stream of thought may fruitfully be 
conceptualized as being based upon 
Successive neural discharge patterns. 
These patterns have been termed ije 
ments (M’s). This pape has eel 
some of the possible effects of postu ae 
interactions within an M ee en 
regard to the problems of simi am 
voluntary action, memory, learning, 
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CLASSICAL CONDITIONING AND HUMAN WATCH-KEEPING* 


D. E. BROADBENT 
Applied Psychology Research Unit, Cambr'dge, England 


It is the main thesis of the present 
Paper that classical conditioning derives 
its chief interest and importance from 
the fact that it reduces learning to a 
much less central position than any 
other form of animal experiment. Para- 
doxical though such a position may 
seem, it will be shown that it enables 
us to include in a single category experi- 
mental results drawn both from condi- 
tioning and from work on human per- 
formance, the latter in situations nor- 
mally regarded as extremely remote 
from the work of Pavlov. It is not, of 
course, intended to argue that learning 
does not appear in conditioning or even 
that Pavlovian types of experiment may 
not reveal useful information about the 
circumstances under which it will take 
Place. But many of the facts of condi- 
tioning are not necessarily related to 
learning, and, insofar as existing theories 
of learning attempt to include them, 
they may well be engaging in an uma 
Possible task. The following remarks 
will not add still another theory of learn- 
ing to the existing array, but rather try 
to clear the ground for future theorizing 
in this area of behavior. — Sed 
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the Sherringtonian properties of the re- 
flex, but there was an abundance of 
such phenomena as spatial and temporal 
summation, inhibition of one reflex by 
another, reciprocal innervation, and sim- 
ilar transitory rather than permanent 
alterations in response. Equally Pavlov 
sought. to establish principles which 
would favor or impede the appearance 
of responses on particular occasions. 

The physiological approach, however, 
caused Pavlov to assume that all stimuli 
falling on the receptor field produce 
some tendency for a response to appear, 
so that interaction between different re- 
sponses takes place at the final common 
path as in spinal reflexes. Such an as- 
sumption may not be valid, and it is 
worth considering the consequences of 
denying it. It can scarcely be claimed 
that the individual ideas set forth in 
what follows are original; besides those 
which are given specific references, the 
general principles asserted are to be 
found in a different language in a cele- 
brated chapter by William James (19, 
ch. XI)—a chapter which opens with 
a denunciation of the emphasis placed 
by his comtemporaries on learning 
alone! Some degree of novelty, how- 
ever, may be found in the application 
of these principles to classical condi- 
tioning. 


A FRESH ANALYSIS OF THE PAVLOVIAN 
SITUATION 


There is some mathematical evidence 
to suggest that even the human nerv- 
ous system would be incapable, through 
limitations of size, of simultaneously 
analyzing all the information received 
by its sense organs (16). It is not un- 
reasonable, then, to suppose, that only a 
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portion of this information is analyzed 
at one time, that is, that only one part 
of the total stimulation present is ca- 
pable of initiating complex responses at a 
given'instant. This suggestion has been 
linked by Hick to the subjective concept 
of “attention” (16). The possibility is 
further favored by the long succession 
of experiments on perceptual set in hu- 
man beings, some of which have shown 
that adequate response to one part of 
the stimulus situation is incompatible 
with adequate response to another part. 
This has recently been demonstrated for 
the auditory field, thus eliminating 
questions of foveal and peripheral sensi- 
tivity (11). Such incompatibility may 
perhaps appear only in adults and be 
developed by learning from an original 
unselected reception of information, but 
it should be remembered that Pavlovian 
conditioning is normally carried out on 
adult mammals of reasonably high com- 
plexity. A process of selection among 
the various stimuli presented is, there- 
fore, not unlikely to appear in such 
experiments. 

There is some evidence, of which the 
references to be cited are representative 
rather than exhaustive, that certain 
Properties of a stimulus will make it 
more likely to be selected from among 
its competitors, and to retain its domi- 
nance if selected by chance. Physical 
intensity is one such Property (2, 12). 
Another is position of the general class 
of similar stimuli in a hierarchy which 
-is independent of physical intensity but 
may be established by experiment (eg. 
stimulation of a pain receptor might 
have high priority, and so might food for 
an animal which has been deprived of 
it). This property may be called for 
brevity biological importance, and as the 
above examples show, it may be estab- 
lished innately or by learning, and may 
be»permanent or dependent on the tem- 
porary state of the organism (21, 34). 
A third property of the stimulus is likely 
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to be important for selection, unless the 
organism is to be dominated continu- 
ously by one stimulus; this is degree of 
difference from the preceding or more 
remotely past selected stimulus, that is, 
novelty (1, 4). There is no need to 
assume that the selected aspects of the 
situation should produce any overt re- 
sponse, but if a stimulus is to produce a 
response it must first be selected. Ap- 
pearance of a response which is known 
to depend on a certain stimulus may 
then inform us that this stimulus is 
dominant, but absence of response may 
indicate merely that the dominant stim- 
ulus has no dependent response. In 
this case, as will be seen, responses tO 
subsequent and simultaneous stimula- 
tion may be affected, 

Such principles do not involve learn- 
ing in the sense of a permanent change 
in the response produced by a particular 
stimulus; yet they are capable of ac- 
counting for many of the features of 
conditioning. 3 

(a) If the stimulus which an experi- 
menter applies is to produce any re- 
sponse, innate or acquired, it must 
possess marked advantages over all 
competitors: The animal’s surroundings 
must therefore remain unchanged for 4 
considerable time before the experiment, 
contain no important objects such as 
humans, and not contain stimuli of high 
physical intensity (28, p. 20). 

(b) If a stimulus is repeatedly ap- 
plied, as its novelty becomes less it is 
less likely to be selected and so to 
Produce any response. A time interval 
after such a repeated application will 
permit selection of other stimuli and s0, 
by the third of the above principles, 
once more give a preference to the 
original stimulus. (The familiar phe- 
nomenon of extinction and spontaneous 
recovery. It will be noted that this iS 
a theory of extinction by “competing 
stimulus.” Its advantages over existing 
theories will be discussed later.) 
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(c) If between two presentations of 
the original stimulus there is inserted 
a different stimulus having a high prior- 
ity according to these principles, the lat- 
ter will be selected; when the original 
stimulus is next presented, it will then 
be more markedly different from the 
Preceding selected stimulus, and so by 
the third principle will be more likely 
to produce a response. (Disinhibition, 
and also the retarding of temporary ex- 
tinction by continued reinforcement.) 

(d) The foregoing result will natu- 
tally apply only if there is a moderate 
interval between the two stimuli. If 
the fresh high priority stimulus is pre- 
sented simultaneously with, or very 
closely previous to, the original stimulus, 
it will markedly lower the probability 
of the latter being selected. (External 
inhibition, and the difficulty of back- 
Ward conditioning.) 

(e) If a series of presentations of 
the original stimulus is followed by the 
Presentation of a different and moder- 
ately high priority stimulus to which the 
acquired response is inaction, this will 

ave an effect similar to that of disin- 
hibition. (“Positive induction” [28, P- 
189]. This is a case where 4 stimulus 
having no response has a subsequent 
effect.) 

(f) This induction effect will pre- 
Sumably vary with time since the pres- 
entati intruding stimulus and 

itation of the intruding saili 
with the similarity of the two a : 
(“Irradiation” [28, pp 153 bk: func- 
Not necessary to suppose that t a ae 
tion takes the particular form ae les 
Pavlov, but only that both va 


enter into it [22].) of a reinforcing 


(g) The presentation 
stimulus only after every other or by 
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will naturally be most marked when 
trials are massed [20].) ; 

(h) Extending the time of presenta- 
tion of a stimulus is likely to change 
the relative priorities of different stimuli, 
a formerly high priority stimulus becom- 
ing low and vice versa. (“Paradoxical 
phase” [28, pp- 379 f.].) 

(i) Similar effects will appear not 
only with learned responses but also 
with unlearned ones: thus the lid re- 
moderate sounds will disap- 
repeated presentation and re- 
appear when a different stimulus is in- 
serted between presentations. Increase 
in the intensity of the stimulus or use 
of a stimulus of greater biological im- 

ortance makes such a disappearance 
unlikely (27)- 

Some comments may be made on 
these points. It will be noted that the 
two principal novel concepts are the 
classing of reinforcement with disinhibi- 
tion and the use of what may be called 
a “competing stimulus” theory of extinc- 
tion as opposed to the existing theories 
of competing response or of depression 
of activity (17, pp- 115 fej 

As regards the role of reinforcement, 
it should be emphasized once again that 
it is not intended to advance a theory of 
learning. Rewards may or may not be 
necessary to produce a change in the re- 
sponse produced by a given stimulus; 
all that is being argued is that after 
learning has taken place the stimulus 
may be made to secure repeated selec- 
tion by interspersing presentations with 
other stimuli of high priority—and that 
in this respect novel or intense stimuli 
should be classed together with those of 
biological importance. Such a view has 
advantages in considering the factors 
which maintain an established type of 
response in human beings and also in 
Some experiments showing that “punish- 
ing” stimuli as well as “rewarding” ores 
(26) may assist performance. Further, 
it is supported by the work of Pavlov 


sponse to 
pear with 
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(28, p. 390) showing that teinforcement 
of an extinguished response has an effect 
as transitory as disinhibition. Con- 
tiguity theorists may perhans feel that 
the present approach offers a promising 
line of assault on existing reinforcement 
theories, particularly when recent work 
on reinforcement without drive reduc- 
tion is considered (32, 33), but they will 
be going beyond the evidence in doing 
so. 

The question of the general relation- 
ship of this approach to learning theory 
also arises in regard to the “continuity” 
controversy: Is all stimulation pre- 
sented to an organism equally likely to 
form learned connections to responses? 
This question again lies outside the 
present scope; it is generally admitted 
that in the adult, selective response does 
appear, but it may be true to say that it 
is a consequence of earlier learning or 
that learning of other stimuli may be 
going on though undetected. The pres- 
ent argument is, however, that the facts 
of extinction follow from those of selec- 
tive response. Consequently, it seems 
illogical to neglect the latter in learn- 
ing theory and yet to include the former, 
If either is to be included, it should be 
selective response since it is logically 
prior. It should also be noted that ex- 
isting tests of continuity are inadequate: 
they only contrast unselected learning 
with completely selective learning. It 
is also possible (using the language of 
the present theory) that only selected 
stimuli are learned, but that under fav- 
orable circumstances the selector mecha- 
nism will “scan” different stimuli in suc- 
cession. Spaced learning might, on such 
a view, favor continuity theories, while 
massing would oppose them: this is in 
fact the case (6). But existing data are 
insufficient to shed light on this point. 

We cannot leave the question of learn. 
ing theory without noting the capable 
and painstaking suggestions of Berlyne 
(1, 2, 3, 4) to link phenomena of the 


sort considered here with the Hullian 
system. His emphasis on an internal 
“perceptual response” and his classing 
of novelty as a “drive” appear to be 
similar in many ways to the present 
view, except that he applies the same 
Hullian postulates both to the external 
responses for which they were first 
stated and to his internal one, whereas 
the writer would suspect that different 
Principles will appear in the two cases 
and that the system of Hull confuses the 
two. Most probably this divergence re- 
flects a general difference of opinion on 
the relative value of theories which covet 
all behavior but which require numer- 
ous simultaneous assumptions and of 
Specific theories whose scope is limited 
but whose ratio of assumptions to ob- 
servables is rather lower. On this point 
the writer’s view of scientific method 
differs very considerably from that of 
Hull’s supporters. It is interesting tO 
note that Hull himself mentioned some 
of the possibilities suggested here, in 
Particular to explain the difficulty of 
delayed conditioning (18, pp. 207 f-)» 
but apparently did not realize that they 
were alternative, rather than additional, 
to an orthodox extinction theory. 

As for the advantages of a theory of 
extinction by competing stimulus, it 
will be seen that it avoids the weak- 
nesses of both the existing theories. On 
the one hand, it would be expected that 
extinction would be favored by massing 
rather than spacing while acquisition 
would reverse this relation, and that cor- 
relations between rates of acquisition 
and extinction would not be positive. 
These points are usually regarded as 
favoring extinction by depression of ac- 
tivity; but the detectable presence © 
responses to competing stimuli and the 
hastening of extinction when these re- 
sponses are encouraged tells against this 
last view while being perfectly consistent 
with a theory of extinction by competing 
stimulus. It is, of course, only tempo- 
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rary extinction that is covered by this 
theory: permanent extinction is a prob- 
lem of learning to refrain from response 
and so falls into the field of learning 
theory. A two-factor theory of inhibi- 
tion is already current (18). 

The explanation of Pavlov’s less cen- 
tral concepts must be regarded as tenta- 
tive, since accounts of the experiments 
Seem to indicate that the name “para- 
doxical phase,” for example, was used 
for several states arising from different 
procedures and possibly different in na- 
ture. From the present standpoint, it 
would seem that Pavlov’s terminology 
Was led astray by his belief that inter- 
ference between different stimulus-re- 
Sponse links took place at the level of 
the motor pathway. He could not, for 
example, assimilate positive induction 
to disinhibition because the latter re- 


quired, for Pavlov, an active response 
to inhibit previous inhibition, and the 
had no such 


negative inducing stimulus 
active response (28, p. 191). The illus- 
trations given show, however, that the 
more exotic features of Pavlovian con- 
ditioning are open to reasonable ex- 
planation from the present viewpoint 
and deserve a more thorough exper- 
mental investigation than they have usu- 
ally received. We reach here the central 
Peculiarity of classical conditioning 
that the dominance of the situation by 
the experimentally controllable stimulus 
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relation between the perceptual mecha- 
nism and that which controls such 
emitted responses, for it is not clear how 
far the two are independent, or, in.com- 
mon speech, how much we must attend 
to what we do (11). In such a field our 
problems must be separated for experi- 
ment, so far as that is possible without 
artificiality, and for the study of the 
processes which select now one part of 
the environment for response, now an- 
other, Pavlov’s technique has no rival 
in infrahuman animals. His goal was 
to introduce order into the apparently 
lawless behavior of organisms, which, 
faced with the same situation, do not 
always react in the same way. His 
analysis of his results (and especially his 
speculative physiology) may have been 
imperfect, but his experiments were far 
more subtle than his successors have 


usually believed. 
PAVLOV AND APPLIED PsycHOLOGY 


The most critical of the deductions 
made in the previous section is probably 
the last. Sharp lines divide most the- 
ories of learning from reflex behavior 
on the one hand and from the perform- 
ance of the human worker on the other, 
lines bridged only by a belief in the 
unity of all behavior. Reference has al- 
ready been made, however, to the data 
given by Oldfield (27) on the lid re- 
sponses to sound; similar observations 
given in the same paper are equally un- 
derstandable on the present view. We 
may perhaps note here in particular, as 
they have been criticized, the results 
drawn from Rawdon-Smith (29), who 
found that the auditory threshold was 
elevated after exposure to a high inten- 
sity tone, that this applied to the op- 
posite ear as well as that exposed, and 
that the elevation was temporarily abol- 
ished by a novel visual stimulus. Some 
of these results were not borne out by 
later workers (e.g., Caussé and Chavasse 
[13]). Rawdon-Smith, however, gave 
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his tests (to an S in a featureless room) 
for a prolonged period. His stimulating 
tone lasted two to four minutes while 
most`of the stimuli employed by Caussé 
and Chavasse were of half a minute or 
less, and the period of threshold testing 
continued for some time after exposure 
—more than five minutes in the experi- 
ments on “disinhibition.” The later 
workers used a shorter testing technique. 
It would be expected on the present view 
that such prolonged testing would cause 
some elevation of the auditory threshold 
even if no high intensity tone was ap- 
plied during the series and that elevation 
due to this cause would be abolished by 
a novel stimulus. This is a normal haz- 
ard in audiometry; the writer has often 
observed similar elevations while giving 
lengthy audiograms to naive Ss, making 
it necessary to introduce variations in 
the procedure if the lowest possible 
threshold is to be obtained for each S. 
Again, the operating instructions for one 
commercial audiometer include the fol- 
lowing statement: “Do not keep the tone 
interrupted for long periods, as the pa- 
tient will tire, due to the strain of listen- 
ing: conversely do not keep the tone on 
for excessive periods—not only may the 
patient’s attention wander, but also he 
may tire of holding in the signalling but- 
ton” (24, p. 7). Those who fail to 
find elevation of the threshold on the un- 
stimulated ear may, then, have avoided 
this danger as a normal point of tech- 
nique, and Rawdon-Smith’s results can 
be explained on the present view, 

This explanation is more satisfactory 
than that given by Caussé and Chavasse 
themselves, who feel that Rawdon-Smith 
may have been detecting an elevation 
due to sound leaking from one ear round 
to the other. But Rawdon-Smith had 
failed to detect any elevation using his 
testing technique when applying a stimu- 
lating tone of the intensity to be ex- 
pected from leakage. The work of 
Caussé and Chavasse js highly impor- 
tant simply because it does eliminate 


central factors of this general, not pe- 
culiarly auditory, sort, and so sheds 
more light on peripheral auditory fatigue 
and thus on theory of hearing: but this 
does not mean that the central factors 
are unreal. : 

The most direct analogy to Pavlovian 
conditioning, however, lies in tasks 
where the human S is required to make 
a voluntary response whenever an in- 
frequent signal occurs. We would ka 
pect that, despite the almost immediate 
learning displayed in such a situation, 
the characteristic features of extinction 
would appear. The first statement of 
this parallelism was made by Mack- 
worth (23) for performance on the 
Clock Test, a task similar to radar 
watch-keeping. 

It appeared that: 


1. Responses to the infrequent stimu- 
lus became much less common after a 
period of continuous watch. (Extinc- 
tion.) 

2. A short interval between periods 
of testing temporarily restored full effi- 
ciency. (Spontaneous recovery.) 

3. A novel stimulus (a telephone mes- 
sage) temporarily restored full efficiency- 
(Disinhibition.) 

4. The following of every stimulus 
by an auditory message informing 5 of 
his performance prevented deterioration. 
(Continued reinforcement.) 

To these similarities others have been 
added by Broadbent (7), using a dial- 
watching task. 

5. When signals come from several 
possible sources, some of these sources 
are naturally more likely to receive & 
response than others, but when the time 
of monotonous watch is extended these 
priorities are reversed and the initially 
neglected sources become favored. 
(Paradoxical phase.) , 

6. On the individual Ss, there is a 
correlation between degree of decrement 
in performance during each watch and 
amount of recovery in the interval þe- 
tween watches. The extremes of this 


e 
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correlation correspond to Pavlov’s de- 
scription of excitable and inhibitable 
types (28, p. 285). 

7. The signal itself introduces a nov- 
elty into the situation, and the occur- 
tence of each signal restores perform- 
ance partially to that appearing at the 
beginning of the watch. (Disinhibition 
by a novel positive stimulus [28, P- 
62].) This finding allows us to note a 
further point in the work of Mackworth 
(23), namely that Ss who respond to 
— signals maintain performance bet- 
er, 

We also note that: 

8. On the Clock Test and radar test 
the effect of intervals between signals 
was complicated by “expectancy” ef- 
fects, the intervals being shorter than 
those used by Broadbent. One of these 
effects was that a rapid series of signals 
actually resulted in a lowered probabil- 
ity of response, since, subjectively speak- 
ing, the S expected long intervals be- 
tween signals and so relaxed his atten- 
tion after each. This is comparable to 
one of the Pavlovian demonstrations of 
“negative induction” (28, P- 202). 

o be a num- 
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their natural rate, the task will after 
a while cease to be novel and so stimuli 
from the remainder of the environment 
will tend temporarily to weaken its 
dominance over response. Any such 
weakening will immediately render the 
task more novel, leading to its resump- 
tion, and so performance will not so 
much deteriorate as become irregular in 
time (5, 8)- Removing the timing of 
the task from S’s control will cause an 
actual decrement in output with con- 
tinued performance (8). (The relation 
between this situation and the watch- 
keeping one is considered in greater de- 
tail in the latter paper.) 

2. The presence of an intense but ir- 
relevant stimulus, such as noise, as well 
as the task to be performed, will initially 
have little effect on the task. There 
may be a very transient decrement due 
to an “external inhibition” effect, but 
this will pass (14). Indeed it may be 
succeeded by actually improved per- 
formance by the “disinhibition” mecha- 
nism (25, 31). As the task is continued 
for prolonged periods, however, the 
strong competing stimulus will accentu- 
ate any tendency to show a decrement 
(8, 9). Serious effects of noise will 
therefore only appear on prolonged tasks 
and especially on those which require 
continuous reception of information 
from a particular part of the surround- 
ings. 

3. It has been pointed out by Gagné 
(15) that a number of studies carried 
out at the USAF Perceptual and Motor 
Skills Research Laboratory on the learn- 
ing of motor skills under massed and 
distributed practice are difficult to in- 
terpret on the basis of the classical “in- 
hibition” view, but rather suggest the 
importance of variations in the stimulus 
complex. 

It will be remembered, then, that 
originally we stated three principles as 
governing the selection of a stimulus 
for further analysis and response from 
among those present. These principles 
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account adequately for a gfeat part of 
the data from conditioning and for some 
of that on continuous human perform- 
ance where learning is reduccd consider- 
ably. They are not principles in the 
sense of postulated states within the 
organism, whether excitatory, inhibitory, 
satisfactory, or expectant, but rather in 
the sense of generalized rules about the 
properties of stimulation important for 
certain behavior to appear. Equally 
they are not concerned with permanent 
changes in behavior, but with transitory 
and conditional ones, and it will be felt 
a sufficient advance if they are accepted 
as such. A theory of learning is an 
ultimate aim for psychology as a whole, 
but we still have no adequate evidence 
to sustain one. 

Finally, it is felt that this approach 
reduces linguistic questions to a proper 
subsidiary position. Some may pre- 
fer to speak of the extinction of re- 
sponses by human Ss in vigilance tests, 
others of the boredom of Pavlov’s dogs, 
and still others of a shift in the source 
of the information flowing through the 
receptor field. There are no doubt rea- 
sons for preferring each such language, 
but the important point is the similarity 
of the experimental relations described 
in them. Further experiments, too, are 
badly needed. As examples we may sug- 
gest: 


(a) Attempts to condition Tesponses 
to stimuli which have been Presented 
many times while still indifferent, (The 
present theory would Suggest that this 
would be very difficult, and that this 
might explain the difficulty of demon- 
strating sensory Preconditioning [30].) 

(b) Determinations of the optimum 
time interval between signals of differ- 
ent kinds and in various modalities, 
when such signals are used for a lifelike 
skilled task, or in animals, to elicit con- 
ditioned responses. 

*(c) Closer examination of the influ- 
ence of background stimuli, both rele- 


vant and irrelevant, upon the execution 
of skills, and particularly of the effects 
of similarity between such stimuli and 
those central to the skill, and of the time 
relationships involved. 


Such experiments must be welcomed 
whether they are described as dealing 
with induction and irradiation, with the 
influence of dissimilarity and sequence 
in time on attention, or with the cor- 
responding informational analysis of the 
same problem. 


SUMMARY 


1. Evidence both from mathematical 
considerations and from experiment fa- 
vors the view that only certain aspects 
of the total stimulus situation can initi- 
ate complex responses at one time, and 
stimuli possessing intensity, biological 
importance, and novelty are most likely 
to be selected at any time. 

2. These principles enable us to ag 
count for many phenomena of classical 
conditioning, including some which are 
usually neglected, and give an explana- 
tion, of extinction (in terms of compet- 
ing stimuli rather than competing re- 
Sponses) which has advantages over 
existing theories, 4 

3. They further provide a rational in- 
terpretation of certain experiments on 
human beings which are usually re- 
garded as being of purely industrial im- 
Portance; for example, the pacing of 
factory work by the speed of the mg 
chine may prevent occasional shifts in 
selection and so by the novelty prm- 
ciple increase apparent fatigue. 

4. They do not include an account of 
learning, as a permanent change in re- 
Sponse to a particular stimulus, but are 
intended to remove certain confusing 
phenomena from the field to make way 
for future theories of learning. It iS 
suggested that Pavlovian conditioning is 
of importance as making an accoynt of 
these phenomena possible anq that fur- 
ther experiment on such Matters as 


S 
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Pavlovian “induction” is highly desir- 
able. 
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COMMENTS ON THE HULLIAN APPROACH 


When a Hullian insists that his the- 
oretical constructs shall be derived only 
from observations of stimulus and re- 
sponse he handicaps himself in two 
ways. (a) He cuts himself off from 
helpful neurological information; for 
when behavioral facts can be related 
to each other in several theoretically 
possible ways the neurological facts may 
point to the exclusion of certain of the 
possibilities (21, 22, 23, 24, 25). For 
instance, neurological facts were shown 
(25) to contradict Spence’s prediction 
of the character of the gradient of gen- 
eralization of extinction effects (15); 
when on the available behavioral facts 
alone that prediction was just as plausi- 
ble as any other. (5) He loses sight 
of the fact that the events that intervene 
between stimulus and response take 
place inside the organism, and that con- 
sequently behavioral antecedents may 
have intraorganismal consequents with- 
out behavioral consequents, 

It is their failure to realize the latter 
Possibility that has made latent learn- 
ing such a stumbling block to Hullian 
theorists. Latent learning Provides no 
behavioral consequent to which a Hull- 
ian construct can be anchored. There- 
fore, committed to the assumption that 
there can be an all-inclusive theory of 
behavior in terms of their characteris- 
tic constructs, the Hullians have no real 
answer when their inability to account 
for latent learning is pointed out by such 
critics as Hilgard (5), Thistlethwaite 
(16), and Birch & Bitterman (1). Con- 
sequently, some Hullian theorists have 
been understandably anxious to explain 
away latent learning. For instance, 


Miller (10) has taken the view that 
latent learning is merely a case of very 
weak learning. Nobody denies that a 
weak measure of manifest learning ac- 
companies latent learning, but what has 
to be explained is the remarkable im- 
provement in manifest learning immedi- 
ately after the introduction of food re- 
ward in the experiments of Blodgett (2) 
and Tolman and Honzik (19). Maltz- 
man (8) has ingeniously tried to ex- 
plain the improvement on the basis that 
during the unrewarded trials there is, 
through a process of habituation, a grad- 
ual weakening of responses in competi- 
tion with the response finally to be re- 
warded. But, as Thistlethwaite (17) 
has pointed out, Herb’s observations 
(4) contradict this proposition, and in 
any case experimental experience in gen 
eral does not seem to show that habitua- 
tion to apparatus accelerates condition- 
ing to such an inordinate extent. 


COMMENTS ON THE TOLMAN APPROACH 


The critics of the Hullian position 
have, by contrast, been quite happy 
about latent learning, explaining it by 
hypotheses of the Tolman pattern. In 
theorizing thus their advantage is that 
they are not merely correlating molar 
facts of behavior, but are also, in a way, 
looking inside the organism. The Inne 
events they postulate are “expectancies 
and “cognitive maps.” Their explana- 
tion of the dramatic improvement 1n 
performance following the introduction 
of food in the Blodgett type of experi- 
ment is this: The feeding changes the 
animal’s goal-box expectancy so that on 
his next run his hunger drive motivates 
him to use his “cognitive map” of the 
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maze in such a way that he takes the 
path to the goal box rather than other 
paths. 

Although in this explanation such 
words as “expectancy” are objectively * 
defined (18) the definitions have a loose- 
ness that seems to stem from the men- 
talistic tradition of the words. We shall 
examine below whether the explanation 
can still be maintained if what Tolman 
means by “expectancy” is expressed in 
more rigorous terms. À 

It may be said that an expectancy 1s 
formed when the stimuli S, and Ss have 
been presented to an organism in tem- 
poral contiguity a number of times, and 
it is subsequently found that presenta- 
tion of S, alone causes a cognition of 
S, to be evoked in the organism. The 
expectancy is, then, the evocation by S, 
of the cognition of S}. 

Now let us examine more closely the 
mechanism by which this expectancy 1S 
evoked. It is self-evident that this 
mechanism must consist of internal or- 
ganismal responses to S, When, for 
example, in an experiment on sensory 
Preconditioning (e.g., 3) the repeated 
co-occurrence of stimuli S, and S, en- 
ables S, alone to evoke responses ta 
acteristic of S,, these responses cona 
well include such responses as yoni 
give the organism a cognition of A 
this, by definition, constituting an dd 
Pectancy. But as this expectancy iy Phe 
Merely be a consequent of some a is 
S,-connected responses it could certai “i 
not be invoked to explain how 5, oa 
to be able to produce the NT 
constellation of responses. Expectancy 
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cannot be part of the mechanism of the 
performance of which it is a product. = 

Now if, in the Blodgett type of ex- 
periment, $, stands for choice-point 
stimuli and S, for goal-box stimuli, un- 
rewarded runs will enable S, to evoke 
S.-connected responses. With the first 
introduction of food into the goal box a 
new set of responses (characteristic of 
feeding) will be conditioned to S,, so 
that at the next run a changed pattern 
of S,-connected responses will be evoked 
by S,. The expectancy-producing re- 
sponses may be assumed to share in this 
change, but, as argued above, cannot be 
part of the causal chain determining the 
change in the immediate responses to 
Si 
“But may not S,-connected responses 
be intermediaries in the greatly in- 
creased tendency for S, to evoke the 
appropriate turn? Seward (13, 14) has 
an ingenious theory that has potential- 
ities for answering this question, and 
has promised to show how it “takes care 
of the phenomena of latent learning and 
of sudden changes in amount of re- 
wards” (13, p. 372). A central idea of 
Seward’s theory is that once a right turn 
at the choice point has been followed by 
reward in the goal box, at the next 
arrival at the choice point a kind of 
secondary drive (“tertiary motivation”) 
produced by the proprioceptive cues 
from starting to turn right (VTE) pref- 
erentially facilitates right-turning (14), 
It seems precarious to lean so heavily 
on proprioceptive cues in view of the 
unimpaired maze performance of ani- 
mals in which gross lesions have grossly 


a proprioceptive impulse patterns 
(6, 7). 


A NEvROPHYsIOLOGICAL VIEW OF 
LATENT LEARNING 


J It is rational to turn for an explana- 
tion of latent learning to the place wiiere 
it occurs—the nervous system. Thir- 
teen years of elaborate discussions about 
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theory construction have left as firmly 
grounded as ever Pratt’s assertion: 
“Only physiology can afford an explana- 
tory frame of reference for the facts of 
Psychology” (11, p. 131). 

The hypothesis of latent learning to 
be outlined here is an extension of the 
neurophysiological hypothesis of learn- 
ing previously advanced (22, 24). Ac- 
cording to this hypothesis learning de- 
pends upon the development of func- 
tional connections (i.e., synapse forma- 
tion) between neurons in anatomical 
apposition. On a basis of experimental 
evidence certain relationships were de- 


duced which will be set down here in the 
form of postulates. 


Postulate 1: The relevant presynaptic 
neuron must deliver impulses to the syn- 
aptic zone during, or just before, firing of 
the postsynaptic neuron. This provides 
sensitizing preconditions which we shall call 
reinforcement-sensitivity. 

Postulate 2: Drive reduction must fol- 
low the formation of reinforcement-sensi- 
tivity if the process of synapse formation is 
to be completed. (Drive reduction means 
reduction in the number of impulses arriy- 
ing at this synaptic zone from all sources, 
All stimuli are possible sources of impulses, 
and the number of impulses varies directly 
with strength of the stimuli. The reduc- 
tion in number of impulses following the 
cessation of a weak visual stimulus would 
obviously be much less than would follow 
from marked relief of hunger.) 

Postulate 3: Amount of synapse forma- 
tion (and therefore amount of learning) 
varies directly with amount of drive reduc- 
tion, other things being equal, 

Postulate 4: The shorter the interval be- 
tween the formation of reinforcement-sen- 
sitivity and the ensuing drive reduction 
the greater the amount of synapse forma- 
tion. Reinforcement-sensitivity fades with 
time. 


To the above an additional 


Postulate is 
nowadded: 


Postulate 5: Amount of synapse forma- 
tion varies directly with amount of rein- 
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forcement-sensitivity upon which the drive 
reduction acts. 


Let it be assumed that in a latent- 
learning experiment of the Blodgett type 
a rat is eventually to receive food in the 
right compartment of a T maze. Thus, 
the habit to be built up will be a right- 
turning (R,) in response to the cues of 
the choice point (Sep). With reference 
to Fig. 1 we shall first discuss the hy- 
pothetical neural events associated with 
an unrewarded run in which the animal 
does a right turn at the choice point, 
and then the consequences of introduc- 
ing reward. 


re, 
$ — N, 
r a St 


— to Ry 


Fic. 1. 


Let 7, represent a neuron leading tO 
the response of turning right (R). 
During an unrewarded run, while 7 15 
firing, impulses are being delivered to it 
by m2 (from choice-point stimulation 
Sep), by ns (from hunger stimulation 
Sa), and by ny (representing miscella- 
neous stimulations Sz). For ng to de- 
liver impulses while n, is discharging 
them means that sensitivity. for rein- 
forcing the n'n, connection is created, 
and the amount of reinforcement that 
finally results will depend on (a) how 
much reduction of drive follows in the 
whole synaptic zone and (b) how soon 
it follows. During this unrewarded run 
the only drive reductions to occur are 
those correlated with the cessation of 
action of weak stimuli such as Sep and 
S+. Thus reinforcement is weak, and 
manifest learning is weak. 

To account for latent learning the 
following supplementary hypothesis is 
suggested. A run followed by an ade- 
quate food reward would lead to suffi- 
cient drive reduction to use up gil the 
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reinforcement-sensitivity produced at 
nə'nı during that run. On the other 
hand, the weak drive reduction follow- 
ing an unrewarded run leaves a residuum 
of reinforcement-sensitivity. Part of 
this residuum fades, and part remains 
in a cumulable form that is activated by, 
and summates with, the new reinforce- 
Ment-sensitivity produced during the 
next run. After a number of unre- 
Warded runs there will be a considerable 
accumulation of reinforcement-sensitiv- 
ity at nam, and now a food-rewarded 
Tun will strengthen inordinately the 
72°m, functional connection (see postu- 
late 5 above). 

Though oa on the typical Blodgett 
experiment the above hypothesis is also 
in complete harmony with the varia- 
tions thereof. Whenever reward at last 
Closely follows a previously unrewarded 
stimulus-response sequence, pact’ 
ment will be strikingly great, and i 
does not matter if the response is a turn- 
ing into a blind (4), if the reward is 
given outside the maze (9), or if the 
Unrewarded runs are variably mer 
rupted (20). In the Jastementionen 
Case relatively less striking postrew “a 
learning would be expected at the al 
advanced choice points where the ani 
Would have passed fewer times. 


Corollaries 


The following corollaries emer 
the above hypothesis: 


limi- 
umber of pre 
Re greater will be 


lowing the first 


ge from 


1. The greater th 
nary unrewarded runs the 
the increment in learning fo! 
rewarded runs. 


Blodgett’s own experiment Led ee 
to confirm this. The mean er ce 
3-day-unrewarded group deore i eee 
2.7 to 0.3 after four rewa pln 
while those of Me ToS to 0.2 after 
group decrease n improge- 

d runs. The mean 1mp 
ap run was thus 0.6 
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for the 3-day group and LIS for the 
7-day group. The curve of improve- 
ment following the first reward flattens 
out for the’3-day group while remaining 
very steep for the 7-day group. This 
suggests that the accumulated reinforce- 
ment-sensitivity was entirely absorbed 
in the course of the first big drive re- 
duction in the case of the former group 
but not in the case of the latter. Pre- 
sumably, the amount of drive reduction 
to follow one reward of the size given 
was insufficient to use up the larger 
amount of reinforcement-sensitivity ac- 
cumulated by the 7-day group. This 
presumption could be tested by repeat- 
ing Blodgett’s experiment with varying 
amounts of reward for different groups. 


2. The less the manifest learning that 
follows the unrewarded runs the greater the 
increment of learning that will follow the 
first few rewarded runs. 


The difference between the results of 
Blodgett (2) and those of Reynolds 
(12) seems to support this corollary. 


Two Problems: 


Does cumulable reinforcement-sensi- 
tivity (latent learning) slowly fade with 
time, and do reciprocal-inhibition effects 
(25) weaken it? 
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One of the usual requirements of a 
theory of behavior, psychological or 
physiological, is that it shall give & 
Step-by-step account of the successive 
coordinations and differentiations, both 
Sensory-sensory and sensory-motor, 
which lift behavior above the level o 
the schematic reflex. If this criterion 1s 
applied to the Gestalt and S-R hene 
of stimulus equivalence, both are foun 
wanting. The neurophysiological theory 
of Köhler (17), preoccupied perhaps 
with shifting the problem of kina gms 3 
from the periphery to the central Hen : 
ous system, gives no account 0 = 
events which link the motor system 8 a 
the cerebral activity aroused by “es 
stimulus. The same objection sie 
Taised against the recent eee R 
Psychological constructs as di Spee 
tion” (28) and “mediating pe im 
(21) to account for certain ie ce 
equivalence behavior; until some cop 
known of how the organism miy A oi 
be influenced by such general ae a, 
respond to a particular compart a 
Particular way on any oe ee ies 
kind of model raises more Ser treats 
it solves. Hull’s (12) Laie 4, is, in 
equivalence, on the E rind ae 
a sense, more precise © 


i ce 
train of events from Bu d eye on “af- 
” 


doubt the usefulness, 
ing back, as ene 
would force us t0, es to the existence 
imilar respons i continua 
of cats of mediating stimulus 

ful to Messrs. A. Summerfield 
aes re for ie helpful criticisms 
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along which generalization may take 
place. The existence of a continuum 
is inferred from certain established rela- 
tions between measurable differences in 
stimuli presented and responses ob- 
served. Such complex stimuli as geo- 
metrical forms and nonsense syllables 
cannot be scaled independently of S’s 
response to them, and hence the psy- 
chophysical relations necessary for the 
study of similarity within the framework 
of Hull’s theory cannot be determined. 

If we accept Razran’s (24) recent 
review of the literature, the study of 
stimulus equivalence at the level of 
Pavlovian irradiation throws us back 
upon the same problems. He concludes 
that the S in a classical generalization 
experiment forms some sort of crude 
rating scale of similarity against which 
the new stimuli are assessed. We are 
thus, it seems, forced to assume that a 
central process, of whose properties we 
know little, intervenes between the re- 
ceptor stimulus and the response, which 
leads us back to the question of how 
these “sets” determine a particular re- 
sponse on a particular trial. 

Similar problems have arisen from the 
traditional treatments of visual space 
perception; Gestalt theory again ignores 
the question of response, and functional- 
ism provides no account of the way in 
which the various cues are integrated to 
produce a stable world. A way out of 
this dilemma is indicated by Gibson’s 
recent suggestion that the problem of 
integration should be kept at the pe- 
riphery. “If,” he writes, “the total 
stimulation contains all that is néeded 
to account for visual perception, the 
hypothesis of sensory integration is un- 
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necessary” (6, p. 25). While this type 
of analysis has certain limitations, its 
virtue is that it no longer requires us 
to map out the train of events which 
intervene between the receptor stimulus 
and the end response; rather it demands 
a psychophysical model in the form of 
sets of quantitative statements of rela- 
tions between measurable properties of 
stimuli and some convenient metric of 
Tesponse frequency or extent. Ideally, 
the parameters of the mathematical 
model do not require, although they 
permit, translation into psychological or 
physiological constructs; but the limita- 
tions which the psychophysical approach 
places upon the range of appropriate 
stimulus situations, together with the 
absence of a purely rational basis for 
deriving the necessary equations, make 
this ideal scarcely realizable. Rather, 
as Graham points out, “the application 
of psychophysical method is a first step in 
setting up the conditions that allow for 
a scientific description of a stimulus- 
response relation. Properly conceived, 
it specifies variables. It also poses a 
relation between variables requiring ex- 
planation” (7, p. 117). 

Psychophysics, in the sense in which 
Gibson uses the term, has not found 
much favor with students of learning, 
although Pratt’s (23) paper on the 
“Law of Disuse” gave a clear indica- 
tion of its usefulness in this field. In 
the following pages we shall attempt to 
show that by suitably adapting the 
method to the needs of the learning situ- 
ation, it is possible to avoid the sort of 
problem outlined above, which arises 
when the more conventional hypotheti- 
cal-construct-intervening-variable 


E type 
of model forms the basis of our descrip- 
tion of the mechanisms of silas 


equivalence. 


ApAYTATION LEVEL AND TRANSPOSITION 


The transposition experiment consists 
essentially in training § to respond dif- 


ferentially to two stimuli, X and x; 
the critical characteristic of which lies 
along a single physical continuum. The 
S is then presented with two new stimuli, 
one of which may be X or X’, and re- 
warded for whichever choice he makes. 
The problem is to determine whether 
he has learned to respond to the absolute 
properties of the training stimuli or to 
the relation between them. The main 
facts which have been established in 
this sort of experiment are as follows: 


1. Within a certain range of stimulus 
variation, transposition tends to occur 
(i.e., the test response is to the relative 
rather than to the absolute values). 

2. Transposition tends to decrease 45 
the distance of the test from the train- 
ing stimuli increases. 

3. Transposition tends to improve 45 
testing is continued, even though S 1s 
rewarded for whichever response he 
makes. 


These facts, suitably expressed in 
terms of the stimuli used and the fre- 
quency of the responses observed, con- 
stitute the main psychophysical relations 
for which any theory of transposition 
has to account. In terms of the present 
approach, the problem is to give them 
a compendious quantitative expression, 
and to this end we shall consider Hel- 
son’s theory of adaptation level (9, 10, 
11). The reader is referred to the origi- 
nal articles for a detailed exposition of 
the theory. In essence it assumes that: 


- effects of stimulation form a spatio-tem- 
Poral configuration in which order prevails. 
For every excitation-response configuration 
there is assumed a stimulus which represents 
the pooled effect of all the stimuli [with 
which the S is or has been presented] and to 
which the organism may be said to be at- 
tuned or adapted. Stimuli near this value fail 
to elicit any response from the Organism Or 
bring forth such neutral responses as jndiffer- 
ent, neutral, doubtful, equal or the like, de- 
pending on the context of stimulation, Such 
stimuli are said to be at adaptation level. 
Conversely, adaptation level may þe quantita- 


Hetson’s THEORY OF ADAPTATION LEVEL AND ‘TRANSPOSITION 


tively specified by giving a value of stimulus 
eliciting the neutral response. 
aa al above the adaptation level (AL) 
wh ee to establish positive gradients 
ee ee onsts, OF one kind, and stimuli below 
ae ish negative gradients with responses of 
opposite kind, Positive or negative en- 
oie occurs as stimuli are above or be- 
low the AL; which may be high, medium or 
the. depending upon a number of factors 1m 
Visi stimulus configuration like background in 
fain comparison stimulus in psychophysical 
k ements and in the organism which may be 
set at a given level due to effects of previ- 
ous stimulation. A stimulus far above the 
stimulus range may raise the AL so high that 
ee of the stimuli will be below the AL and 
«© Majority of judgments will be of the 
Negative” sort, while the opposite will be the 


Nie a stimulus far below the range (10, 


t applying this hypothesis to transposi- 
tion behavior we make the following 
additional assumptions: 


l. In the process of training a Te 
Sponse, say to the brighter of two stim- 
uli, there is established in S a neutral 
Point or region, corresponding tO the 

of Helson. 

2. The S learns to avoid stimuli which 
are less intense than the neutral point 
= to approach those which lie above 

3. The process of establishing a neu- 
tral point is independent of reward and 
Punishment, While the latter may de- 
termine the character of the responses 
which stimuli on either side of the neu- 
tral point will evoke, they até assumed 
Not to contribute to the jocation of the 
Neutral point itself. 

4. New stimuli presented to S after 
training will induce a gradual change in 
the position of the neutral point. The 
rate of shift probably depends on oe 
factors as number of trials with the 
training stimuli (13), distribution of 
Practice, intelligence, etc. 
mptions it follows 
]i fall one on either 
perfect transfer 


From these assu 
that if the test stimu 
side of the training AL; 
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will be predicted. If both fall on the 
same side of the training AL, then re- 
sponses will be random with respect to 
the critical cue until continued familiar- 
ity with the test stimuli has shifted the 
AL in the appropriate direction. In 
checking this point of view against some 
of the published literature (1, 3, 15, 25), 
we have assumed that the test stimuli 
have an immediate effect upon the loca- 
tion of the neutral point; that is, by 
analogy with the case of psychophysical 
judgment, we have assumed that the 
training neutral point has the function 
of a standard which initially “anchors” 
the transposition responses. 

The formula found adequate by Hel- 
for predicting the AL in weight-lift- 
ing and constancy experiments was a 
weighted geometric mean of the back- 
ground (standard) and sample (series) 
stimuli. To test the hypothesis against 
rat data from Kendler (15) and Ehren- 
freund (3) we have used the equation 


_ [28X 
togeAL=}i —— tge] (1) 


n 


son 


where AL is the neutral point for the 
initial test situation, X is the test 
stimuli, n their number, and C is the 
training neutral point (estimated as the 
geometric mean of the training stimuli). 
For Spence’s (25) data on transposition 
in chimpanzees, 


Log AL = (5i) (2) 


n+1 


and for Alberts and Ehrenfreund’s (1) 
experiment with preverbal children, 


32 log X 
n + ogc), (3) 


The relative weights given to the train- 
ing and test stimuli in the above for- 
mulae are approximate but not alto- 
gether arbitrary, since it is perhaps Tea- 
sonable to assume that as one moves up 
the evolutionary tree, the relative in- 


Log AL = 3( 
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©% TABLE 1 


DATA FROM KENDLER (15). AL CALCULATED FROM EQUATION (1) 


(In this and the succeeding tables, where prediction is at variance with the observation, 
the calculated AL is printed in boldface.) 
e 


Condition I 
N = 58. Training stimuli :* .063 (+), .011 (—) 


Per Cent Transposition 
Test Calculated 
Stimuli* AL 
1st Trial 1st 5 Trials 2nd 5 Trials 
ee =a 
37, 063 80% 80% 86% -063 
.37, 1.62 10% 12% 80% -14 
8.49, 1.62 60% 54% 80% 31 
40.46, 8.49 80% 72% 78% -70 
204.74, 41.22 67% 10% 92% 1.55 
Condition II 
N = 24. Training stimuli:* 8.49 (+), 40.46 (—) 

1.62, 8.49 67% 11% 82% 8.29 
.37, 1.62 33% 60% 79% 3.79 
063, .37 67% 60% 72% 1.68 
011, .063 50% 63% 69% -70 


* Brightness in apparent foot-candles. 


TABLE 2 


DATA FROM EHRENFREUND (3). AL 
CALCULATED FROM EQUATION (1) 


Experiment I 
N = 40. Training stimuli:* .22 (+), .91 (-) 


Per Cent Transposition 


fluences of the Presented situation and 
of previous learning will change in favor 
of the former. The training and test 
stimuli used in the experiments men- 
tioned above, together with the percent- 
age of relational responses observed, an! 
the calculated test AL are given 
Tables 1-4, The analysis is further 


stimuli* cugitet condensed in Table 5 by considering 

Trials 1-5 | Trials 16-20 those cases in which the predicted AL 
13, 87 | 36% 4% | 35 falls between and those in which it falls 
09, .34 | 82% 74% 28 Outside the test stimuli against the A 
05; .22 48% 40% .22 casions on which-m han 80% 
035, .13 66% 54% 17 ore or less t 


Experiment II 


N = 40. Training stimuli :* 
-13 (+), .035 (—) 


of the observed responses on the first 


five trials were in the direction of train- 
ing.? 


Discussion 
While the agreement between obser- 


05, 22 FA ae os vation and prediction in the tables does 
.09, . : 

£38, 57 28% 28% +136 ? Spence does not give data for the first five 
.22, .91 40% 50% 17 trials in his experiments. His results, which 


ee i: 
*# Diffuse reflection factor. 


are for ten trials, have nevertheless been in- 
cluded in Table 5. 
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DATA FROM SPENCE (25). 


TABLE 3 


AL (INDICATED IN PARENTHESES) CALCULATED FROM 


EQUATION (2) 


’ 
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Training Stimuli* and Subjects 


160 (+), 100 (—) 


Pati 
Mona 


Pan 


256 (+), 409 (—) 
Soda 
Bentia 


2a | 
256 (+), 128 (—) 


Cuba 
Lia 
ge eee 


256 (+), 160 (—) 


Mimi 
ae ey ae S| 


128 (+), 256 (—) 


Jack 
Nira 
ca Se ee | 


160 (+), 256 (—) 


Test Stimuli,* Percentage of Responses, and Calculated ALT 
256, 160 320, 200 409, 256 . 
100% (182) 80%" (201) 80% (250) 
100% (180) 100% (209) 60% (255) 
50% (173) 40% (208) 80% (246) 
100% (183) 70% (212) 60% (255) 
80% (173) 90% (208) 90% (246) 
100% (183) 100% (212) 100% (255) 
Re a ee E 
160, 256 100, 160 
| a S 
50% (237) 40% (167) 
70% (219) 50% (161) 
40% (221) 30% (173) 
60% (227) 40% (166) 
512, 256 128, 64 
90% (287) 100% (120) 
100% (287) 100% (120) 
409, 256 160, 100 
90% (277) 80% (153) 
256, 512 64, 128 
80% (273) 50% (114) 
100% (273) 60% (114) 
256, 409 100, 160 
80% (267) 50% (148) 


Bokar 


* Area in square centimeters. 


Riven, The AL's were calculated © 

est or retraining AL to the same. de: 
t uba, Lia, and Mimi were 
ested down and then up the scale. 


TABLE 4 


DATA FROM ALBERTS A 

AL CALCULATED FROM 
N =22. Trainin 

64 (+), 128 (~) 


Per Cent Transposition 


+ The reader should consult Spence S sumption that each 


„ irrespective of 1 it f 
oe aad then down the size dimension, and that Jack, Nira, and Bokar were 


tested first uP 


ND EHRENFREUND (1). 
í EQUATION (3) 
ining stimuli :* 


AGAINST 
Success 


also assumed that 


TABLE 5 


SUMMARY OF TABLES 1—4. OBSERVED 


PREDICTED FAILURE OR 
OF TRANSPOSITION IN 


First Five TRIALS 


No. of Tests i 
Which Per Cent 


Calculated = T: iti Fail 
street s | anio eF fi ‘Bepupoaition Peada Tanapas non Total 
1st Trial | Trials | Trials Observes! Predicted, 
64, 32 | 100% 100% 100% s ae 23 4 27 
A 7370 o 5 o 2 
Daae Z| 60% | 11.3 Le n i 
; ei 
42 zo% | 50% | 57% 6.7 Total 37 22 59 


* Area in square inches- 


x? (Yates's correction) = 9.1; df = 1; p = <.01 
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not merit any extravagant ‘conclusions, 
it is perhaps sufficiently close to war- 
rant brief discussion. With the intro- 
duction of further parameters the cor- 
Tespondence could, no doubt, be im- 
proved in some cases, though in others 
(e.g., Mona and Pan, who, in spite of 
receiving the transposition tests in iden- 
tical order, managed nevertheless to give 
divergent results [25]) this might not 
be possible without a greater knowledge 
of the S’s previous history. Since we are 
not interested in transposition as such, 
but rather as a special case of equiva- 
lence behavior to which a particular 
kind of analysis seems appropriate, we 
shall not pursue the matter of precision 
further. 

Next we shall consider the assump- 
tions we have made in transferring Hel- 
son’s model from its perceptual context 
to that of learning. Most exception will 
probably be taken to the assumption 
that discrimination learning is a two- 
stage process. While this is not the place 
to enter into the current controversy on 
this issue (see, for example, 2, 14), we 
may perhaps make a point to which 
recent writers have not given much at- 
tention, and which is directly relevant 
to the hypothesis advanced here. There 
is ample evidence, in certain restricted 
fields of human activity at least, that 
some form of behavior modification 
takes place in the absence of either re- 
ward or knowledge of results. Perhaps 
the clearest examples of this are to be 
drawn from the changes which repeti- 
tion brings about in subjective scales 
(13, 27) in visual illusions (18, 19, 22), 
and in the skills studied by Gagné and 
his associates (4, 5). Whether we call 
this learning or not does not seem to 
be of much consequence. ome as 

ical experiments are essen- 
psychophysical, with discrimination be- 
tially co d as they have produced eyi- 
kaviot, a dictable changes occur in 
dence that predici t be ascribed 
this behavior which canno IDE 
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either to drive reduction or to sign- 
learning, it becomes not unreasonable 
to suppose that such changes continue 
to take place when the discrimination 
situation also involves the learning of 
some new set of responses. The as- 
sumption is necessary in the present m- 
stance to account for the continued bol 
crease in the number of transposition 
responses in the test trials, where every 
response is rewarded (1, 15, 16).° The 
other assumptions are additional to 
those of Helson only in the sense that 
they translate his postulates into a learn- 
ing terminology; as such they do not 
require further discussion. i 
Finally, something should be said of 
the possible extensions of the approach 
advocated here. We shall concern our- 
selves first with deductions from the 
hypothesis. This has already been tal- 
lored to fit three established sets of 
facts: the occurrence of transposition, 
its diminution with the distance of test 
from training stimuli, and the increase 
of relational responses with repeated 
testing. One deduction has already been 
mentioned: that if the test AL coincides 
with the training AL, perfect transfer 
should result.* A second is to the effect 
that in cases where transposition is ini- 
tially less than perfect, but improves 
with testing, there will be an inverse re- 
lation between the number of test trials 


3 This fact is not readily accounted for by 
Spence’s (25) theory. On the other hand, 
granted the assumption of generalization gradi- 
ents, Spence (26) accounts nicely for the diffi- 
culty of the intermediate size problem, which 
We are unable to do at present, 

* Since this paper was written, D. H. Law- 
rence (J, comp. physiol. Psychol., 1952, 45, 
511-516) has reported data which are in agree- 
ment with this inference. His test stimuli 
Were brightnesses of 31.8 and 25.9 apparent 
foot-candles. The AL’s of his ATG1, GTG, 
and ATG2 groups, calculated from equation 
(1), are estimated for these test stimuli at 
31.92, 30.7, and 30.37, respectively. Positive 
transfer is therefore predicted for the last two 
groups and negative transfer for the first. 


> 
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carried out and the number of “correct” 
Tesponses observed when one switches 
back to the original training pair. More 
complex effects, corresponding to the 
establishment of learning sets (8; 20, 
P. 129), will presumably result if this 
Process is carried out too often. 
Before the theory can be extended 
beyond such elementary, first-order de- 
ductions, however, it will probably be 
Necessary to fill certain gaps in our 
knowledge. One of the more obvious 
is to define the limits of improvement 
which will occur with testing. A pin- 
head and a cartwheel do not lie on the 
Same psychological dimension, and an ex- 
amination of the relation between these 
discontinuities and the value of the 
anchoring point would not be without 
interest. Another problem is to deter- 
mine, under a number of conditions, the 
relation between the amount of practice 
given on the training stimuli and the 
tate at which the AL shifts. This is of 
Some importance if the present theory 
is to be extended to cover the intermedi- 
ate size problem, which takes animals 
Much longer to learn than does a con- 
ventional discrimination (26, 29). 7 
At a more general level, it should Re 
Pointed out that the AL concept manes 
Nonsense of any attempt to examine = 
basis of equivalence by the — 
Presentation of different stimuli = : 
Conditions where the sequential effec 
cannot be taken into account. If every 
; f reference 
stimulus alters the frame °t, ‘ced, it 
against which the next is Judge% © 
difficulties con 
would seem that the Iysis of this 
fronting a qualitative ana ie 
process are at present insuperab'c- 


SUMMARY 

that a ppp! 
ivalence avoids 

th timulus equiva! 

pete ph of sensory-sensory and 


sensory-motor integration which arise 
out of the application of S-R and 


Gestalt theories to this area. 


1. It is argued 


2. Itis shown that the main facts of 
transposition behavior, as a simple casé 
of stimulus equivalence, can be derived 
from an extension of Helson’s theory of 


adaptation level. 
3. Some further problems suggested 
by this approach are briefly discussed. 
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A principal and vigorously debated 
issue before psychology today concerns 
method, and the adequacy of the known 
Methods of evaluating findings by any 
of the approaches to the study of the 
whole personality. The ferment centes 
especially around the merits of t e 
“nomothetic” as against the mig 
8raphic” logic. First, let it be noted 
that, so far as concerns the basic pro 
cedures of scientific method, the two 
methods have everything in common: 

hey both have recourse to oe 
and to experiment. They analyze ee 
Tesynthesize data. They draw 1n r 
ences that follow the usual a a 
logic, both inductive and de ieee 

hese are the foundational appro ned 
to scientific method. The gs a 
dures—the nomothetic and t : ad 
8raphic—do differ, however, ae 
cally. The differences have ined 
effect in the kinds of hypothese 


i man 
Can be formulated cone ire A 
behavior. Such effects can eae 


in 
Very important for progress 
of the Division of 


chology, read at 
Pye hington, D. C; 


1 Presidential address 
Clinical and Abnormal 
the Amer. Psychol. ASS.» 
September, 1952. t paper grew in 

inking in the present pape? i 

The tiinking. = cece in scuisephrenla 
Part out of t H 64) conducted under a a- 
Ma 63 and M of Mental Health grant, in 
ional Institute © d Psychiatric Institute, 


an in 
Miche Boase Hospital, Chicago, Tinos, 
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and Michael Reese Hospital 


of the human personality, since hy- 
potheses are really the product of mi 
tific imagination. The issue becomes: 
how liberated is the scientific imagina- 
tion, always the starting point for new 
experiment into unknown areas of any 
particular field? eee 
Historically, this nomothetic-idio- 
graphic issue could hardly have become 
oS important in psychology before the 
present time. The nomothetic method 
has so far been the traditional one. But 
interest in personality, as personality, is 
shaking the logic on which it rests. The 
logic is not proving adequate for psy- 
chologists who are focusing on this be- 
havior unit at the same time that they 
want to adhere to a good method. 
They have now been hard put to it to 
find a logic applicable to the phenome- 
non which they have elected to study. 
Some light on the inadequacy of the 
nomothetic procedure in the field of per- 
sonality is obtainable by considering 
the questions that we want answered in 
such investigations. We may inquire 
how much of some one personality trait 
is found in each member of a popula- 
tion under study—bravery, for example, 
or pride, or sense of humor. Or we may 
ask about any person how much bravery 
does he have, and coolness, and pride, 
and sense of humor, and other variables 
that fuse into character. In the one, 


we ask what are the incidence and the 
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distribution of some one dátum within 
a population. In the other, we focus 
on the various behaviors within one per- 
son, their mutual interaction, and their 
effects in bringing about the total be- 
havior which we identify as a particular 
personality. 

The first of these two ways has so far 
been the proven one of science. It came 
to us following long experience in meas- 
urement, successful prediction, with re- 
sulting control. It has been so success- 
ful that it has captured the interest of 
all scientists, and that is equivalent to 
saying that it has harnessed the scien- 
tists themselves. To harness is to bind. 
It is a circumstance which can have dis- 
advantages, restrictions. This is the 
situation which dominated in the nat- 
ural sciences for a time, then in the so- 
cial sciences, and finally in psychology. 
To have captured means to have made 
captive. This can trammel the think- 
ing, channelize research, and, by pre- 
venting new imagination, block progress. 

Now psychology, as a science, is com- 
paratively young. The science of the 
whole personality is the youngest child 
of this young science. It is character- 
istic of the young to look with rever- 
ence on, and worshipfully obey, their 
elders. So psychology and the study of 
personality obediently followed in the 
footsteps of their predecessors and at- 
tempted to build structures on the 
old pattern—nomothetic. Fortunately, 
children not only obey; they also rebel. 
However, in the present case I detect 
no hostility to the parental science fig- 
ure, but a departure—a branching off. 
It is a sign of good health, in both par- 
ent and offspring, when the latter de- 
parts from familiar pathways, and the 
former can see him do it with equa- 
nimity- 

Sup- AND SUPRAPERSONALITY RESEARCH 


This datum, the whole personality, is, 
to a considerable group of investigators, 
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including some in closely associated 
fields, the basic one in human be- 
havior. It is the only raison d’étre for 
the science of psychology. All other 
branches within this field are so many 
roads that lead to it. They do so from 
two directions. 

One is at a “subpersonality” level; 
the other, “suprapersonality.” In either 
event, they are significant sciences only 
in so far as they throw light on the be- 
having human. Among the sciences 
that lead to it from subpersonality levels 
are neurology, physiology, experimental 
psychology, psychometric tests. Specific 
researches that would be grouped under 
these heads would include those in con- 
duction, the synapses, EEG, reflexes 
(unconditioned), all the receptor proc 
esses, psychophysics, the conditioned “a 
sponse, the functions and effects of suc 
structures as the thalamus, adrenal cor 
tex, autonomic nervous system, localiza- 
tion of function in the brain, various 
effects of nutrition, problems relative t° 
sleep, etc. Some perception experiments 
belong here, although the trend now 3S 
to see perception as activity of the 
whole person. 

Among those sciences that lead to the 
study of personality from the supre 
level are: anthropology, sociology in the 
older sense, social work as applied © 
community institutions, and the current 
newer disciplines known as group dy- 
namics or action research. Here 
would specify all studies in cultures 45 
bearing on the personality or on forma 
tion of character; the developmental 
Stages of the personality, including i 
fancy, childhood and adolescence, ™4- 
turity and old age, the special methods 
of studying the child—e.g., play tech- 
niques—would belong here. All the 

functional” clinical pictures as, in fact, 
response to the environment woul 
group here: the neuroses and the psy- 
choses, and also the psychoanalytic 
formulations concerning them, Here 


SCIENCE OF PERSONALITY: NOMOTHETIC OR IDIOGRAPHIC 


too belong the studies of special traits 
or behavior clusters, e.g., jealousy, sug- 
gestibility, masculinity, femininity, and 
sexual behavior. Also, here are such 
complex activities as delinquency, moral 
attitudes, aesthetics, religious systems. 
Finally, there is the individual in his 
industrial and business relations, in his 
Political behavior, in the military serv- 
ices. 

These lists do not pretend to be a 
systematic or exhaustive synopsis. They 
are more of the nature of random jot- 
tings. A complete statement would em- 
brace all the efforts of psychologic 
Science. Many psychologists will dis- 
agree. They will question whether some 
of these efforts properly belong within 
the curricula of a university department 
of psychology. Some are not quanti- 
fiable, or very slightly so; hence, are 
they science? The other horn of the 
Psychologist’s dilemma is: he collects 
data—trigorously controlled—enabling 
him to predict, but only within the nar- 
Tow confines of the conditions set up 1? 
the experiment. How applicable are 
these to the essential problems of hu- 
Man life? It all comes down to the 
question as to what is the field proper of 


the science of psychology- It is a ques” 
tion on which there are both poni E 
rs for 


a searchings in important cente 
the study of psychology- : 
To the hein of ie personality as 
a whole, the deficit in the nomothetic 
technique is that it dictates turning 
one’s back on this unit datum. Varia- 
bles are observed one by one. Each 
individual is measured in respect to 
only one such trait at 2 time, never in 
the interaction of the traits within him. 
The individual is atomized; and we stop 


with studying the atom- This is a 
product of the jntellectualist temper, 


which has been under severe critical at- 
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has been a ‘closely guarded prisoner of 
the intellectualist temper. j 

Regarding the individual variable, 
some indirect light on its insufficiency 
comes from a recent paper on semantics. 
Rapoport (4), in the American Scientist, 
speaks of the “propositional function” 
of a statement. For example, the state- 
ment “the man is brave” looks like a 
logical proposition. But it cannot in it- 
self be considered true or false unless 
the meaning of the predicate “brave,” 
i.e., its function, is known. The man 
may be brave in battle... 


« |, Jealous in honour, sudden and 
quick in quarrel, 

Seeking the bubble reputation 

Even in the cannon’s mouth... . 


” 


saa yet a coward in love (Miles 
Standish), - - - 

«Jm not afraid of bullets, nor shot 
from the mouth of a cannon, 

But a thundering ‘NO,’ point-blank, 
from the mouth of a woman, 

That, I confess, I’m afraid of.” 


He may eschew primitive hand-to-hand 
combat and be able to face the more 
deadly enmity of society (Mahatma 
Ghandi and many of the martyrs of 
religion). 

Similar reasoning holds for any test 
that attempts to explore a whole per- 
sonality, any multivariate instrument 
such as the Rorschach test. Any state- 
ment concerning any Rorschach test 
variable needs to be examined for its 
“propositional function.” What we find 
out about a person in any one score is 
not necessarily true, and not necessarily 
false. We need to know its function in 
so far as that depends on its setting. 
We must therefore know that setting 
the larger whole, if his behavior is to be 
predictable. At the present, the tech- 
niques used are Rorschach’s test, Mur- 
ray’s TAT, other projective tools, the 
MMPI. Possibly some new kind of 
test, yet to be devised, will be more suc- 
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cessful. What ultimately ‘happens to 
any now in use is not the important 
thing. It is important to have instru- 
ments that will dependably penetrate 
the whole person, as a psychodynamic 
system of stresses. Psychology can be 
depended on to devise them. It did so 
in psychometric science. The growth 
and now weighty influence of the Freu- 
dian hypotheses have given rise to the 
Projective tests. But while the psycho- 
metric techniques did not present any 
challenging statistical difficulties, the 
projective instruments forthwith gen- 
erated new problems—those of testing 
the test. You are familiar with the con- 
troversies. The next phase, in which 
we are now, was to throw the issue into 
the laps of the logicians of science. 


THE Uses or IDIOGRAPHY 


The new approaches are designated 
by the term “Gdiographic.” The essence 
of these is that they permit the science 
of personality to keep in its syllogisms 
both terms, science and personality. A 
criticism—even stricture—of the nomo- 
thetic is that it can stick to science only 
at the expense of personality. In fact, 
the more scientific it is, the more iso- 
lated the variable it studies, and the less 
it takes in of the personality. But it is 
the human personality which is the ob- 
jective of psychology. All the other 
sciences, to repeat, are sub or supra. 

The essence of the idiographic method 
that it focuses its glass on the uni- 
verse of behavior traits co-functioning 
as a universe. This is the individual. 
But before it can be employed, a 


new question is legitimately posed and 
thrown back at the idiographist: how 
can we know—in the Rorschach test, 
for example—whether a Productivity of, 
say, 30 or 50 is high or low? The same 
for an F+ per cent of SO-or-so much, 
and the others. You cannot make the 
evaluations until we have criteria ob- 


is 


tained by measuring each variable as 
distributed within a population. This 
is to fall back on the nomothetic Be 
proach. That is a first step. It mus 
recede the idiographic. k, 
“ The nomothetic is essential in set 
up certain limits of quantitative ara 
ings. Doing this in psychology prov} R 
only certain directions of measuremeri 
not absolute foot-rule figures. The a 
rections of these measures in some Pour 
lations—say normals or neurotics, OF 
children of one rather than another Pea 
level—and the differential directions br 
the other populations result in leads A 
to the organization of the variables A 
each clinical population. This oreari 
tion or clustering is the raw materia: iy 
a hypothesis to the effect that any on 
person within a clinical popula 
would yield, in the variables samp- 
by the particular test, measures ee 
proximating certain limits. Convera 
a person found to measure in a num in 
of these variables at or near core 
quantitative limits belongs in the this 
responding clinical population. At T 
stage, and for the purpose of expe 
ment, the description of any person iA 
the language of the psychological E 
strument used is itself a hypother" a 
The next job becomes that of i 
the hypothesis. This, much simpli 4 x 
is the idiographic method. To test tl” 
hypothesis, we use all the usual mei 
ods of statistics. One of these, pe i 
analysis, so employed becomes rite 
directional than are its present hal T 
It circumscribes its individual ta5*”? 
does not take broadside shots, sain 
“draws a bead,” if you will, on cet a 
objectives already found to be of P 
tential significance. pan 
To recapitulate, the steps in a scien 
tific investigation of personality —afte" 
the test instrument has been chosen 
are three. (a) The various behavio" 
components accessible to the instrument 
are measured, and their distributions 
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plotted in the several clinical popula- 
tions. This is nomothetic. From this 
step certain hunches emerge—tenta- 
tively we call them assumptions—as 
to the psychologic significance of the 
several components. (b) Individuals 
are studied by means of the test. Cer- 
tain inferences as to dynamic relations 
between psychologic components within 
the individual follow—conclusions as to 
the mutual influences of the variables 
on one another and in producing the 
total picture. For example, lively im- 
agination with too little appreciation of 
reality emerges as schizophrenia. The 
hypotheses that form immediately point 
the way to experiment, for the effect of 
the independent phenomenon on the de- 
Pendent one: of schizophrenia, for ex- 
ample, on the pattern in a test such as 
the Rorschach. The third step 15; 
therefore, (c) the experimental investi- 
gation itself. It obtains response pat- 
terns—the dependent structures—from 
individuals illustrating various inde- 
Pendent conditions (neuroses, normal 
behavior, and the others) and tests 
these by the tried methods of investiga- 
tion, correlation, factor analysis, analy- 
sis of variance, and the others. It is 
at point (b) that the method becomes 
idiographic. 


IS 
THE LIMITATIONS ON NOMOTHES 


The deficit of the nomothetic ip- 
Proach is that the more thorough 2 
exact it is in adhering to its principles, 
the less adequate it is for explora 4 
whole functioning human unit. Fo A : 
it uses an ever larger and larger ane $ 
of observations of one variable in dif- 
ferent individuals, it reduces to a niai 
mum the effects of other traits in the 


i iable. 
indivi hat particular varial 
Seaham um that can be de- 


hole person. 


i i each W. 
eee PY f individuals in 


greater the number O 
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whom the trait was observed, the 
smaller is the standard deviation. So, 
the greater the “objectivity.” We have 
eliminated*the extravariable influences 
on the variable—extravariable, but in- 
trapersonal—which is to say, we have 
eliminated the person. That is exactly 
what we want to do in such an experi- 
ment. The datum that is external to 
the rest of the personality is the datum 
of scientific interest of the moment. We 
take the person out of the observed 
datum, and concentrate only on the ex- 
traperson event. This is what scientific 
psychology is succeeding in doing. It 
is taking the human being out of the 
investigation. Any psychologist has the 
right to do so. Any investigator has the 
liberty of staking out his ground, de- 
fining his area, and limiting his objec- 
tive. He must only be explicit in stat- 
ing his definitions and his objective. 
What questions is he undertaking to 
answer? 

The corollary that the unity of the 
person is a function of the brain acting 
as an organ, and an integrating one, is 
implicit in the thinking of some of the 
profound investigators of this organ. 
I mention here Sherrington, Herrick, 
and Lashley. A very recent paper by 
Sperry is apropos. His subject is “The 
Mind-Brain Problem.” He concludes: 
“We should not expect to find that a 
single neuron or an isolated patch of 
neurons, or even a cortical center, could 
sense, feel, experience, or think any- 
thing in isolation. These psychic prop- 
erties we envisage as depending upon a 
specific design and complexity in the 
vortex of neural activity, generally in- 
volving a reciprocal interplay of many 
parts” (5, pp. 310-311). 

A universe of traits, variables in 
mutual interplay, affecting one another, 
these are the individual. This is the 
task which the idiographic method un- 
dertakes. The specific technique de: 
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vised to test out the findings in this 
kind of universe is that associated with 
Stephenson—the Q technique. It is to 
him, too, that I am indebted for the 
concept of the individual as a universe 
of traits. To quote his terse statement 
distinguishing the two methods, “Nomo- 
thesis was long regarded—and in ef- 
fect, is—psychology without a subject,’ 
whereas idiography tried to concern it- 
self with a self” (6). 

The Q technique was the one I used 
in two researches in schizophrenia, one 
in adults and one in children (1947— 
1952). We have succeeded in these re- 
searches in isolating six schizophrenic 
reaction patterns. That is, we are de- 
scribing six patterns within this disease 
group that differ from one another, 
They differ in the language of the Ror- 
schach test items. They differ also in 
the Corresponding clinical language. 
They make clinical sense. Full report 
of these researches will be published 
separately, The Psychologist will be 
disappointed, however, who looks for 
descriptions of personality in terms of 
Pure mathematics, logical deductions 
from quantitative findings, and from in- 
ferred relationships. Our findings do 
not provide such. Nor do I think that 

e science of Personality by any tech- 
nique has made progress such that it can 
so describe the Personality. The science 
is in just too undeveloped and unsophis- 
ticated a state. I here quote another 
writer, Webster, discussing not the rela- 
tively complex field of Personality as a 
whole, but Psychology generally. He 
says: “Mathematical theory which is ap- 
propriate for interrelating many quan- 
titative, continuous variables, is readily 
available, but there are always difficul- 
ties in applying it with any rigor to 
psychological data. This seems to be 
due mainly to the Problems of measure- 
ment and possibly also to the fact that 
psychological variables may contain 
discontinuities which are poorly under- 
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stood, and which may therefore vitiate 
the ordinary methods of analysis” (7; 
p- 168). What would be the ideal of 
such a science is stated by Boring m 
an article not ad hoc, but containing 
relevant comments: “The body of e 
quantitative knowledge that we ca 
science nowadays . . . the scientific psy- 
chology of the visual world, differs from 
Phenomenology in being a collection 0 
observed functional relations. . . . You 
cannot see the visual world at eny 
moment when you are playing scientist; 
you construct it out of elaborate ob- 
Servations that have been collected for 
many years in the past” (1, p. 146)- 
The “discontinuities” of which Web- 
ster speaks are only too well known 
among the variables in which the clint- 
cal Psychologist must deal. Hallucina- 
tions offer a case in point. Campbell, 
in one of his shorter papers (2), describ 
ing a girl of nineteen who appeared +o 
be hallucinating, notes the difficulty ° 
differentiating between her experiences 
as actual Perceptions, or work of t A 
imagination. “The patient does” g 
make a consistent integration of ditior: 
ent attitudes, but allows them to S 
side by side,” he says. Again: “Such ö 
condition is not fixed and static; theri 
is an oscillation between the apie 
levels of thought... .” Such being t - 
Phenomenon which the clinical py t 
chologist attempts to study, he does e 
have the aspiration as yet to descr! er 
them mathematically so as to yeni 
Boring’s criterion, “a body of pers 
quantitative knowledge that we call ge 
ence.” In our idiographic study ix 
schizophrenia, in patterning out the = 
types, we do not even claim that ne 
is exact correlation between Rorschac® 
test operations and the presumably Cof 
responding clinical behavior, What we 
do say—and this is the meaning of our 
idiographic experiment—is that we can 
describe by means of the test the kind 
of whole person who, under certain 
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Stress, or in one of Lewin’s “field” con- 
ditions, is likely to have hallucinations. 
ention of Kurt Lewin’s name re- 
calls a quotation from him. Students in 
e field of personality, conscious as 
they are of the crudity of their instru- 
Ments, of the long lag yet ahead before 
they can logically deduce constructs 
from mathematical findings, will find 
Comfort in these words, coming from a 
man whose life was dedicated to the one 
goal, a science of personality. Lewin 
Sees “. | | the basic character of science 
as the eternal attempt to go beyond 
what is regarded scientifically accessible 
at any specific time. To proceed be- 
yond the limitations of a given level of 
knowledge, the researcher, as a rule, has 
to break down methodological taboos 
Which condemn as ‘unscientific’ or ‘il- 
logical’ the very methods or concepts 
Which later on prove to be basic for the 
next major progress” (3, p. xv). 

e may therefore expect more and 
More recourse to the idiographic ap- 
Proach, not only in psychology, but also 
in the other sciences concerned with 
uman behavior. Idiography cannot do 


it alone. oIt must have a preceding 
groundwork by nomothesis. It is from 
the integrated use of the two methods 
that we will make progress. Out of such 
a synthesis should come a science of per- 
sonality that will effectively retain both 
terms of this proposition: personality 
and science. 
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LEARNING AND THE PRINCIPLE OF INVERSE 
PROBABILITY! 
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The basic idea which has guided the 
theoretical explorations contained in 
this paper is that science is a way of 
learning. This thesis and some of its 
implications have been discussed in 
an earlier paper (1). In this paper 
the attempt is made to gain an under- 
standing of the nature of the learning 
Process through the examination of 
one formulation of the nature of the 
scientific method, the principle of in- 
verse probability. This principle is 
best stated in its mathematical form, 
which will be found below. In brief, 
it formulates the effect on the prob- 
ability of a theory of a confirmation. 

he principle formulates one impor- 
tant aspect of the scientific method. 
As such, it should tell us something 
concerning the psychology of learning. 

In a sense, what follows can be con- 
sidered to be the elaboration of Hull’s 
“hidden” theory of learning; for Hull 

as not one but two theories of learn- 
ing. One of these is that which is 
generally understood to be Hull’s 
theory; the other is contained in his 
discussions on method, particularly 
the introductory sections of (8) and 
(9), and can be called the “hypo- 
thetico-deductive theory of learning.” 
The latter is a theory of how the 
scientist learns. In this latter theory 
the three major concepts are theory, 
observation, and probability. Proba- 
bility is what characterizes the rela- 
tion between theory and observation. 
Thus, on the grounds of certain ob- 


1 The writer is deeply indebted to the Re- 
search Council of the University of Missouri 
for & research professorship for the summer of 
1952 which made the investi 


: gations reported 
in this paper possible. 


servations, a theory is said to hava 
such and such a probability. On t 4 
grounds of a given theory, a predicti 
observation has such and such a pro i 
ability of occurring. When a Pie 
dicted observation is verified, t 
probability of the theory goes “pi 
When a predicted observation fails fe 
be verified, the probability of t 
theory goes down. sph 

This “hidden” theory of learning } 
more of a cognitive than an be 
theory. It points almost directly 
the principle of inverse probability» 
with which we shall deal below. It i 
to this principle that we turn for @ 
fuller understanding of the hyp? 
thetico-deductive theory of learning 
and for its formalization. 


THE PRINCIPLE OF INVERSE 
PROBABILITY IN GENERAL 


According to Jeffries (11), the Lae 
ciple of inverse probability “is to 1° 
theory of probability what Pythag; 
oras’s theorem jis to geomet ie 
Although the principle is one of t A 
most critical bones of contentio: 
among probability theorists, it a 
mathematically sound. This is za 
tested to by Uspensky, who ee 
“Bayes’ formula, and other eal 
sions derived from it, are neces, 
consequences of fundamental conc 
and theorems of the theory of Pe 
ability. Once we admit these fun a 
mentals, we must admit Bayes for- 
mula and all that follows from sf 
(17, p. 69). The major question ! 
its applicability. A 7 

Probability theorists fall into two 
general categories, frequency theorists 
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and nonfrequency theorists.* The fre- 
quency theorist insists on an “ob- 
jective’ definition of probability in 
terms of relative frequency. The 
nonfrequency theorist considers prob- 
ability to be a kind of rating scale of 
credence. Probability is, according 
to the nonfrequency theorist, “The 
state of mind with respect to an asser- 
tion, a coming event, or any other 
matter on which absolute knowledge 
does not exist” (4). The basic syn- 
tactical unit for the nonfrequency 
theorist is P(g/k),? the probability of 
g on the grounds of k. If g neces- 
sarily follows from k, as in deduction, 
then P(g/h) = 1. If g is impossible 
on the data hr, then P(g/h) =9- 
It is important to specify the point 
of view of this paper with respect to 
this controversy. On the philosoph- 
ical level no position is taken. The 
acceptance of the principle is only on 
the grounds of its cogency with respect 
to what it might mean for the psy- 
chology of learning. 
MATHEMATICAL FORMULATION OF 
THE PRINCIPLE OF INVERSE 
PROBABILITY 


The principle of inverse 
formulates the effect on 
ability of a proposition 9 ° 
cation of a proposition *- 
that, on the basis of @ 
acquired set of proposition? 
sition g has re probability P(g/h). 


Let us say 
previously 


2 Nagel (15) has recently summarized sue 
controversy. Nagel himself accept Tiba 
quency point of view and presents pied 
weak case for the nonfrequency P' ar or aw 
A balanced picture of the situation 
by reading Nagel s5 T me 
ted with, : 
fay nD the nonfrequency point 
of view. à 
3 «uj should not be confused 
with thls sa i used to indicate division. 
It does not indicate division eae a 
” or on Bo 
should be read a5 ton” O 


Then, saypa proposition x is found to 
be true. What is the effect of finding 
x to be true on the probability of g? 
A root form‘ of the principle (11) 
provides us with the answer: j 


Peoria) = FERR Poi). D 
The probability that g is true on 
the grounds of h and x is equal to the 
probability that g is true on the 
grounds of h, multiplied by the ratio 
of the probability of x on g and h, to 
the probability of x on h (h alone). 
Thus, if x stems equally well from 
g and h, as from h alone, the prob- 
ability of g does not change. If, how- 
ever, x follows from g and k with a 
probability greater than the prob- 
ability of x on h alone, the probability 
of g increases. Similarly, if P(«/gh) 
should be less than P(x/h), the prob- 
ability of P(g/hx) is less than P(g/h). 
The nature of this formula will be- 
come evident if we make the following 
interpretations of g, h, and x: Let k 
be a set of propositions concerning 
data which have been collected; let g 
be a theory which has been developed 
to account for the data k; and let x 
be a proposition about a new datum 
which was not involved in the initial 
generation of g. The formula then 
expresses the most critical aspect of 
the hypothetico-deductive method, 
4This is immediately derivable from the 


theorem of compound ili R 
theorem is (17): pecan, igi 


P(ABC) = P(A) P(B/A) P(C/AB). (a) 
We then have 
P(hgx) = P (h) P(g/h) P(x/gh) (b) 


and 
P(hgx) = P(hxg) = P(h) P(x/k) P(g/hx) (c) 
and 


P(g/hx) P(x/h) = P(x/gh) P(g/h) (a) 
and therefore a 


P(x/gh) 
P(x/h) P(g/h). (e) 


P(g/hx) = 
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the effect of the confirmution of a 
deduction on the probability of the 
hypothesis that generated it. If x is 
found to be true, and x stems from 
the theory with a relatively high 
probability, then the probability of 
the theory is raised. 

By appropriate algebraic manipula- 
tion,’ formula [1] leads to 


R Pri 
Se ee 2 
RPrat (1 — Pr)’ [2] 


where P, is the probability of g after 
the verification of xn, and Pa is the 
probability of g prior to the verifica- 
tion of x,, and R is the ratio of 
P(x,/gh) toP(x,/gh). (g = not — g.) 


n 


THE INTERPRETATION OF 
g, h, AND x 


An interpretation of g, h, and x as 
propositions concerning theory, old 
data, and new datum, respectively, 
has already been given. However, 
for the principle of inverse probability 
to have greater generality for the psy- 
chology of learning, we will widen the 
interpretation of these symbols. The 
crux of this wider interpretation is in 
the interpretation of x, with which we 
shall deal first. 

Let x stand for the conditional 
proposition, “If Y, then X,” where X 
is an observation on the part of the 


5 From formula [1] we have 


Pia) = EL Pun o 


and therefore also 


P(G/hx) = PEAD Pol. (b) 


By dividing (a) by (b), with 
P(g/hx) + P@/hx) = 1, 
with P(g/h) + P@/h) = 1, and letting 


P(æ/gh) 
P P(e/gny 7 ® 
we get RPC/k 
P(g/hx) = oth) 


RPU +U Pum © 


learning organism, and Y the condi- 
tions for the observation. By, the 
verification of x, we mean the verifica- 
tion of this whole conditional proposi- 
tion. Some examples may be helpful: 


Instrumental conditioning: x = Me! I 
press the bar, I will get a pellet of foo! ia 
Classical conditioning: x =“If t 


metronome ticks, meat powder will be 
injected into my mouth.” d 

Problem solving: x = “If I do such an 
such, the obstacle will be overcome. iei 

Prejudice: x = “If he isa Negro, the: 
I will find him to be irresponsible. i 

Law: x = “If this body is immersed i” 
this liquid, then it will be buoyed up y 
a force which is equal to the weight ° 
the liquid it displaces.” 


With this as our understanding of 
the meaning of x, g is, then, whatever 
it is that generates x's. g is that whic 
is associated with the organism oe 
we say that the organism has learne¢- 
It is the “what is learned” in the 
sense that we say that habits, ene 
tudes, prejudices, skills, cognitions, h 
potheses, etc. are learned. It shou : 
be emphasized that g is in no me 
the overt behavior, but is, rather, t 
condition of the organism. The a 
sential characteristic of g is that ! 
can generate x's. 

The h is whatever led to the g- 
consists of hereditary factors, matu 
tional factors, and previous learnings 


It 
ira- 


THE AMOUNT OF LEARNING AS 4 
FUNCTION OF ONE POSITIVE 
, 
“REINFORCEMENT” 


“Reinforcement” may now be is 
fined as the verification of x. We ne 
now in a position to determine t 
amount of increase in the probability 
of g asa function of one reinforcement. 

The amount of increase is given by 
the increment in the probability of 9- 
Pa Pri Rra 

-PBa r ASR 


Pix, [3] 


eee, | 


LEARNING 


30 


80 


70 


60 


50 


Pn- Prot 


40 


5 
Pa 


10 20 30 40 


Fic. 1. The amount of increment, 
’ asa fu 


“reinforcement,” 


s of the incre- 
arious 
For 


In Fig. 1, the value 
ment have been plotted for v 
values of R as a function of Pn-1- 
any value of R which is greater than 1, 
the increment is low for both low and 
high values of Pn—1 and high for 
middle values of Pn—1- 

Immediate empirica 
of the relationship indic 
figure is to be found i 
transfer of training. 
an individual approaches a 
learning situation without already 
having very much to transfer to it, 
the initial learning of the new situa- 
tion is slow, ie when P,-1 is low, 
P, — P, is lows TÉ howevën sa 
i : improveme is 
is a middle value, n ready high, 


1 confirmation 
ated by this 


rapid; and if Pra 2 c 
there is little more room for improve- 
ment. The work of Harlow (5) with 


earning of learning sets 


oint. Translating his 


P r 
results into the terminology advanced 
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Pa — Pa, as a function of one 
inction of Par and R 


here, where the initial probability of g 
is low, the increments as a function of 
reinforcement are low. Where the 
initial probabilities are of middle 
values, the increments are highest 
Where the initial probabilities are 
high, the increments go down again 
Or, what is the same thing, when P > 
is low, learning is positively SR 
ated; and when P,_; is high, learnin 
is negatively accelerated. = 
The phenomenon of positive trans- 
fer of training can be further specified. 
From the mathematics of probabili 
we have the formula: 6 3 


je P(g2/ 

Po) = Ps. a 

s P(g g) = P(g) P (g2/q) ( 
2/91 ) 
P(g ya = P(g gı) = P(g) P(gi/ge) ) 
P(g.) P(gr/g2) = P(g) P(ge/m) ©) 

P P(g:/91) 

Plo) = PO) SG 74)" @ 
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The ratio of P(g2/g:) to P(g:/gz) 
can be taken as a measure of the 
similarity of g» to g. The initial 
value of P(g.) depends on the amount 
of learning that has taken place in gı, 
i.e., P (gı), and the degree of similarity 
ofgetog,. The fact that the formula 
for similarity is a ratio of the kind that 
it is dramatizes the fact that similarity 
with respect to learning is a directional 
relationship, e.g., the amount of posi- 
tive transfer from French to Spanish 
is not necessarily the same as the 
amount of positive transfer from 
Spanish to French. 

Although the initial value of P (g2) 
is dependent linearly on P(g) and 
the similarity of g, to gı, it should be 
emphasized that the increment in 
learning is not a linear function of 
P(g). Rather, the relationship is 
that as shown in Fig. 1. 

The point of maximum learning for 
one reinforcement as a function of 
P,-1 varies with R. When R is high, 
the maximum is at low values of Pir. 
When R is low, the Maximum is at 
higher values of P,_,, although it is 
always at a value of P,_, which is less 
than .50. Specifically, P, — Pus is 
maximal when 7 


[5] 


CURVES OF LEARNING 


For the purposes of showing the 


progress in learning, formula [2 
be generalized to the form [2] can 


k Ri Ra- + -Rp Py 
RRR, Po + a= py’ [6] 


Pr 


1 This was obtained by differentiating 
P, — Pn—1 with respect to Pai, Setting the 
derivative equal to zero, and Solving for P,,_, 
It has a limit of .50 as R @Pproaches 1, R being 
1 or greater. When R = 1, the maximum is 
indeterminate. 
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where R, corresponds to x1, etc., and 
Po is the probability of g prior to the 
verification of x}. : 
For purposes of simplicity of exposi- 
tion, let us assume that Ri = Re = ae 
=R,. The formula for the learning 
curve as a function of the number of- 
reinforcements then becomes 


è R” Po ; 
- R° Py + 1 — Po) 


Figure 2 then shows various learn- 
ing curves for various values of R. 
These curves run from S-shaped to 
growth-type curves to curves of sharp 
tise which may be called insight curves. 
When R is low, we have “trial-and- 
error” learning, i.e., trial-and-error 
learning can be defined as learning 
which takes place when P(x/gh) is not 
much larger than P(x/gh). Simi- 
larly, “insightful” learning takes place 


when P(x/gh) is considerably larger 
than P(x/gh).s + 


[7] 


EXTINCTION 


_ By analogous reasoning, it is pos- 
sible to derive the phenomenon of 
extinction. Extinction is the conse- 
quence of the verification of z. The 


result on the probability of g of the 
Verification of Fm is 


a Poa 
Pai ARO — Pa)’ 


where m is the number of extinction 
trials, Px, is the probability of g after 


pies [8] 


_ #Cf. Harlow: “The very form of the learn- 
ing curve changes as learning sets become 
more efficient. The form of the learning 
curve for the first eight discrimination prob- 
lems appears S-shaped: it could be described 
as a curve of ‘trial-and-error’ learning. The 
curve for the last 56 problems approaches 
linearity after trial 2. Curves of similar form 
have been described as indicators of ‘insight- 
ful’ learning” (5, p- 53). 


y a 


` Figure 4 shows the 
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a verification of Ëm, Pm—1 ieee te? 
ability of g prior to the verica i 
Ëm, and È is the ratio of P(&/gh) to 
P(%/gh). Figure 3 shows the effect 
of one negative reinforcement, i 5 
verification of z (x being found ale ; 
The equation for Pm, the proba : a 
of g after m successive extincti 
trials, is : 
Po - [9 
= r (1 — Po) 


Po + Ri Be 
extinction curves 


for constant values 0! *¥ 


DEDUCTIONS 
. e of the present 
It is beyond the ay all the deduc- 


paper to elaborate OF 
Hone That Wace oe theory 


of inverse probability. However, in 
order to demonstrate its cogency, one 
example will be given. 

What is the relation between the 
rate of learning and the rate of ex- 
tinction? We have seen that if R is 
high the rate of learning is high, and 
that if R is high the rate of extinction 
A high. The question becomes one of 

etermining the relationshi 
ees ship between 


_ P(x/gh) 
= P(x/gh)’ tiny 


— P(2/ah) 


P(#/gh) [11] 
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Therefore, since P(x/gh).+- P (Z/gh) 
= 1, and P(x/gh) + P(£/gh) = 1, 


1 — P(x/gh), 
hai P(x/gh)’ [12] 
thus fixing the relationship between R 
and Ë. In order to complete the 
derivation, it is necessary to make an 
assumption. This assumption is that 
as we go from individual to individual, 
P(x/gh) and P(x/gh) are positively 
correlated. This assumption is noth- 
ing more than the assumption that 
persons vary either in their supply of 
g’s, or in their ability to draw x’s from 
the g’s that they have. If we make 
this assumption, then it follows im- 
mediately that R and Rare negatively 


Pm-1- Pm 


Pm- 


Fic. 3. The amount of decrement, Py, 
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related, as can be seen from the follow- 
ing table: 


Subject P(x/gh) P(x/gh) R R 
1 95 .80 1.19 4.00 
2 80 65 1.23 1.75 
3 65 50 1.30 1.43 
4 50 35 1.43 1.30 
5 35 20 1.75 1.23 
6 20 05 4.00 1.19 


The fact of the negative correlation 
between rate of learning and rate of 
extinction has been verified in a num- 
ber of instances in conditioning studies 
(2, 3, 10, 14).? It is also verified by 
the finding of the Gestalt psychologists 
that learning which has taken place 
by insight (R high) is not forgotten 


° These studies are summarized by Hilgard 
and Marquis (7, p. 119), 


Pm, as a function of one extinction 
‘my ne 


trial, as a function of Pm—ı and Æ 
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EXTINCTION TRIAL 


er a constant R 


is that by viewing science as a method 
of learning it is possible to learn some- 
thing concerning the nature of learn- 
ing. Whether the principle of inverse 
probability fully stands up against 
further scrutiny and empirical data 
with the interpretations which we 
have given to g, h, and x is to be seen. 
The burden of this paper is primarily 
to show the possibilities which are 
inherent in viewing science as a way 
of learning. Parenthetically it should 
be pointed out that the very testing 
of what has been advanced in this 
paper will employ the principle of 
inverse probability although it may 
not employ the particular interpzeta- 
tions of g, h, and x which we have 
advanced. 
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The reconciliation of stimulus-re- 
Sponse, expectancy, and Gestalt theories. 
Although, in a sense, this theory of 
learning which we derive, from the 
Principle of inverse probability is 
primarily an expectancy theory, it 
incorporates some of the most im- 
portant aspects of stimulus-response 
theory and Gestalt theory. For one 
thing, the Phenomenon critical for 
Gestalt theory of learning, the insight 
phenomenon, is readily yielded as a 
consequence of the principle of inverse 
probability. Furthermore, it speci- 
fies, in a manner which the, Gestalt 
theorists have not yet specified, the 
condition under which insight takes 
place, i.e., R is high. 

One of the major superiorities of 
stimulus-response theory over expec- 


interpretation of 
have been developed within the con- 
text of probability theory as has been 
employed here, 
probability becomes readily available 
for the handling of psychological prob- 
lems. From a mathematical point of 
view, there is also a disti 
ority in the ki quantification 
which has been outlined here: The 
heart of Hull’s theory is in the equa- 
tion for the learning curve, This 
was arrived at primarily on the basis 
of the relatively arbitrary method of 
curve fitting. There is really no good 
a priori rationale for determining 
whether the curve of learning should 
be a logarithmic or exponential growth 
function, as indicated by Hull's own 
wavering in this Matter. On the 
other hand, the curve of learning 
which has been advanced in this 
paper is necessary on the basis of the 
fundamental postulates of probability 
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theory and the interpretation given. 
One other point of superiority of the 
learning curve advanced in this par 
over that of Hull's exponential growt 
function is, so to speak, its ine 
propriety. Although the criterion 0 
intuitive propriety is not a necessary 
one, it is certainly a desirable : 
Equation [1] (or better, perhaps, E 
theorem of compound probability) 
upon which the remainder is based, 
formulates what we all, in a nae 
“know” to be true. In this respects 
Hull’s exponential growth function 
falls considerably short. ‘ 

Account is taken of effect of ee 
ingness” on learning. Thorndike Gy 
found that it was necessary to ta t 
account of the “belongingness” © 
“relevance” of the reinforcement. 
When there was belongingness, learn 
ing was more rapid than when thier 
was no belongingness. The degree © 
belongingness is exactly what is ex- 
Pressed by the value of R. If an 
value of P(x/gh) is large, and P(x/g# 
is small, then the verification of * 
“belongs” to 9, Or is relevant to g, ne 
consequently, as has been indicated, 
the rate of learning is high. ah 

Consistency with the general nativism 
of other theories. According to Thorn 
dike and others, what is learned hay 
So to speak, to exist, at least in sma 
measure in the organism. Thus, 19 
Thorndikean terms learning consists 
in the strengthening of already a lps 
connections. If the connections 
not exist, at least in small measure; 
then they cannot be reinforced, an 
learning cannot take place. 

In this respect, the present theory 
has to assume the very same pE 
If learning is the growth of the pro 
ability of g, then there must be ps 
initial probability of g which is greate 
than zero. If the initial probability 
of g is zero, then there can be no 
increase in the probability of g [3]. 


€ 
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J The possibility of understanding 
complex” learning phenomena. Hil- 
gard (6), in his opening paragraph, 
Suggests that a theory of learning 
ought to be able to account for such 
phenomena as “prejudice and bigotry 
and other learnings which lead to 
trouble instead of to a satisfactory 
solution of . . . problems,” as well as 
how skills, preferences, tastes, and 
knowledge develop. In most learn- 
ing theories, these “complex” learn- 
ings are looked upon as a kind of 
higher level problem which will be 
solved after we have solved the prob- 
lems involved in less “complex” learn- 
ing. In the theory outlined, it is not 
Necessary to differentiate between 
lower and higher learnings. The 
theory applies equally well to the 
learning of a conditioned response or 
a prejudice. The issue of molarity 
Versus molecularity vanishes, as does 
the question as to whether reasoning 
and problem solving ought or ought 
Not to be considered categories under 
the general heading of learning. Nor 
is it necessary to introduce the i 
tinction between primary and second- 
ary reinforcement to explain other 
than very simple learning- 
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the generation of x’s on the basis of 
the g's and h’s, and whatever is in- 
volved in the determination of whether 
an x is or is not to be “tried.” (The 
latter word is borrowed from Hilgard 
(6) as he uses it in the concept of 
“provisional try.) Unless there are 
x's, and unless the occasion for the 
verification of x’s occurs, learning will 
not take place. p 

2. “What is the role of practice in 
learning?” Practice consists in the 
confirmation and nonconfirmation of 
x's. Repetition which does not in- 
volve the testing of x’s will not result 
in learning. The amount of practice 
and its quality, the latter defined as 
the attributes of x, and the associated 
value of R are determiners of the 
amount of learning. 

3. “How important are reward, pun- 
ishment, or other motives in learning?” 
They are important in so far as they 
provide a basis for verifying x’s, whose 
‘X’s involve reward, punishment, or 
other consequences. 

4. “What is the place of understand- 
ing and insight?” Whether learning 
is “blind” or “insightful” is a matter 
of degree as reflected in the magni- 
tude of R. 

5. “Does learning one thing help you 
learn something else?” Yes, in so far 
as the former thing learned has af- 
fected the initial probability of g as 
indicated by formula [4]. 

6. “What happens when we remem- 
ber and when we forget?” Thus far in 
our development of the theory, we 
have only one suggestion to make with 
respect to this question. It has been 
shown that on the basis of the theory 
it follows that there is an inverse rela- 
tion between R, the rate of learning, 
and R, the rate of extinction. Katona’s 
(12) investigations have shown that 
if learning is based on principle (R 
high), there is less forgetting (RB low). 
Similar confirmations of the inverse 
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relationship between R and Ē have 
been found in conditioning studies. 
Thus, according to this, we will re- 
member best that which, has been 
learned with R high. 
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SIMULTANEOUS AND SUCCESSIVE DISCRIMINATION 


M. E. BITTERMAN AND JEROME WODINSKY 


University of Texas 


In a recent experiment by Weise and 
Bitterman (12) the relative difficulty of 
simultaneous and successive discrimina- 
tion was studied. A four-unit apparatus 
of the alley-maze type was employed, 
with two small lamps mounted at each 
choice point. One group of rats was 
trained on the simultaneous problem 
(ie., turn in one direction when the 
right-hand lamp is on and in the op- 
posite direction when the left-hand 
lamp is on) and a second group was 
trained on the successive problem (i.e., 
turn in one direction when both lamps 
are on and in the opposite direction 
when both lamps are off). The first 
problem proved to be much more dif- 
ficult than the second, a result of con- 
siderable theoretical interest. 

As Weise and Bitterman noted, the 
influential theory of Spence (8) was un- 
able to account for the fact that the 
successive problem could be learned A 
all. Furthermore, a logical Erten 9 
the theory in accordance with = = 
lian principle of afferent nenes infer 
action (4), while making an exp ana i 
of successive learning possible, wou 
lead to the deduction that the ee 
problem should be more difficult tha 


the simultaneous. The Lae ome 
paper led Spence to modify is fray 
in the manner anticipated (9). le 
same time he reported the ie doa 
new experiment with 4 simple € on 
T maze (gray stem and black or w! 
arms) in which the se eae pr li 
lem was found to be considerably easi 


. amination was explained in 

1 Successive discrimina d was assumed, 

ounding an pea 

Coie i Tei mie daalk Man aimu 

taneous discrimination. ie, @). ° 
the extended theory, see ”! i 


“than the successive. Spence emphasized 


the correspondence of the new results 
with his extended theory and dismissed 
the contradictory data in an offhand 
manner: “Just why Weise and Bitter- 
man got opposite results is not clear, as 
it is difficult to interpret the very com- 
plex type of discrimination set-up they 
employed. The simple discrimination 
situation is sufficiently difficult to deal 
with theoretically without adding all of 
the problems that arise as the result of 
the serial nature of the multiple dis- 
crimination set-up along with the fact 
that it involves a gradient of reinforce- 
ment” (9, p. 91). 

Weise and Bitterman noted also the 
bearing of their data on the validity of 
Nissen’s (5) attempt to subsume all dis- 
criminative behavior under the general 
headings of approach and avoidance. 
Nissen had deduced that the successive 
problem should be more difficult than 
the simultaneous problem since the 
former requires the development of 
conditional reactions or stimulus-com- 
pounding, a deduction which seemed to 
follow logically from a literal approach- 
avoidance theory. In a subsequent com- 
mentary on the Weise-Bitterman experi- 
ment, however, Nissen (6) denied that 
its results had any bearing on the va- 
lidity of his formulation and attributed 
his deduction to the “misplacement” of 
a sentence. From this Paper it became 
clear that Nissen’s conceptual scheme 
was so broad as to be incapable of ex- 
perimental evaluation (1).? Nissen did, 


? The test which Nissen himself performed 
(5) is deprived of conclusiveness by his analy- 
sis of the Weise-Bitterman experiment. Ani- 
mals were taught a simultaneous white-black 
discrimination with the stimuli horizontally 
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nevertheless, make one important criti- 
cism of the Weise-Bitterman experiment. 
He suggested that the less rapid learning 
of the simultaneous problem might have 
been due to reduction of the bright-dark 
difference by reflected light. From this 
point of view, Spence’s contradictory re- 
sults might be attributed to his use of 
painted stimuli rather than to the sim- 
Plicity of his method, 

These considerations led us to per- 
form further experiments on the relative 
difficulty of simultaneous and successive 
problems with the conventional jumping 
apparatus. That situation should be 
simple enough to meet the requirements 
of Spence’s theory, and the use of 
painted stimulus cards should avoid the 
criticism of the Weise-Bitterman ap- 
paratus which Nissen Proposed. An as 
yet unpublished doctoral dissertation of 
E. F. MacCaslin provided evidence in 
support of the prediction by Weise and 
Bitterman that the relative difficulty of 
the two problems would depend on the 
similarity of the stimuli to be discrimi- 
nated; ® however, while the successive 
problem proved to be much more dif- 
ficult than the simultaneous problem 
when difficult discriminations were em- 
ployed (e.g., two vertically striped cards 
differing in stripe-width), even with 
simple discriminations (e.g., horizon- 
tally vs. vertically striped cards) the 


arranged and later tested with a vertical ar- 
rangement of the same stimuli. Had there 
even been zero transfer, Nissen could haye 
dealt with the results by assuming that the 
animals had learned to “approach” and 
“avoid” brightness-position compounds which 
were disrupted by the shift in the locations of 
the stimuli. 

3 Nissen was unkind enough to suggest that 
this prediction was made in anticipation of 
“the possibility of experimenta] evidence in- 
consistent with” the position of 


Weise and 
Bitterman (12, p. 164). Actually, the pre- 
diction followed logically from the data of 


Saldanha and Bitterman (7) 
learning. 


on relational 
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simultaneous problem was somewhat 
easier than the successive. In a subse- 
quent experiment by Bitterman, Calvin, 
and Elam (3) with a discrimination be- 
tween two circles markedly different in 
diameter, successive and similan 
groups performed in almost identica 
fashion,* but in no experiment did we 
find superior performance in the succes- 
sive group. 

These results led us to reconsider the 
earlier interpretation of the Weise-Bit- 
terman data. Another look at the maze 
apparatus made Nisson’s explanation 1m 
terms of reflected light seem unlikely, 
and Spence’s comment on complexity 
did not seem to further our understand- 
ing of the contradictory results—why 
the use of a multiple-discrimination ap- 
Paratus should affect the relative dif- 
ficulty of the two types of problem was 
not clear. Upon further consideration, 
however, another interpretation of the 
divergent results occurred to us. Weise 
and Bitterman assumed that their suc- 
cessive problem had been mastered on 
a configurational basis—its relative sim- 
Plicity led them to reject the idea of 
compounding or conditional discrimina- 
tion in favor of the assumption that the 
animals had learned merely to make one 
Tesponse to the bright configuration and 
an opposed response to the dark—but 
they expressed some doubt as to how the 
simultaneous problem had been solved: 
“Tf learned configurationally, the greater 
difficulty of the simultaneous problems 
may be attributed to the greater simi- 
larity between the two stimulus-patterns 


“In this experiment the simultaneous ae 
had Previously learned a simultaneous pro 
lem (horizontal vs, vertical stripes) while the 
successive group had been trained on a corre- 
sponding successive problem. For naive ani- 
mals trained by MacCaslin on the circle dis- 
crimination, the simultaneous problem was 
somewhat easier. These studies point to the 
operation of qualitatively distinct perceptual 
sets in the two types of problem. 
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which it presented to the animal. . . 
If mastery was based on the acquisition 
of functional properties by afferent com- 
ponents, this kind of learning may be 
assumed to involve a more complex, 
higher order process” (12, pp. 192-193). 
Although Weise and Bitterman were led 
to emphasize the second interpretation, 
the experiment of Spence and our later 
Studies with the jumping apparatus re- 
quired us to re-examine the first. 

In the jumping apparatus the animals 
were required to jump directly at the 
stimulus cards, and in Spence’s T maze 
the animals were required to enter upon 
the stimulus runways. These may be 
described as approach situations in the 
literal meaning of the word. The rela- 
tive simplicity of the simultaneous prob- 
lem in such situations can be explained 
on the assumption that they facilitate 
the functional isolation of the two mem- 
bers of each pair of stimuli. In the 
apparatus of Weise and Bitterman, On 
the other hand, the two stimuli (lamps) 
at each choice point were closely juxta- 
Posed and the animals were required E 
turn away from them, to one side pr Ee 
other, in making their way throug he 
maze. This may be described as A is 
Sponse situation. It facilitates con gni 
rational organization and theren Ea 
tards the functional isolation of t eao 
members of each pair of simai iy 
this point of view the greater | aad 
of the simultaneous problem A ees 
Standable either in temat a ee to 
niarit ol Ege Pena is based on 
the assumption that tae seh 
configurational discrimina 


z 6) ap- 

© Te was this statement i ay in 
parently confused with mE and Bitter- 
terms of reflected ligh z obvious fact that 
man were merely noting ae and light-dark 


-ligh 
the configurations dark tE figurations dark- 
are more similar thal at this difference is 
dark and light-licht -ay-light problem the 
independent a a (with painted stimuli) will 
Present expe! 


demonstrate. 
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terms of the difficulty of perceptual 
analysis in such situations (on the as- 
sumption that solution is based ulti- 
mately on, response to components). 
This interpretation, like Weise aud Bit- 
terman’s, proposes two qualitatively dis- 
tinct types of perceptual organization in 
these problems, but the functional pri- 
ority of configurational perception is 
not postulated. Instead, it is assumed 
that the dominance of one or the other 
kind of organization is determined by 
the physical characteristics of the ap- 
paratus employed. 

The experiment to be reported was 
designed to test the hypothesis that the 
Weise-Bitterman results were due to the 
fact that their apparatus—presenting 
closely juxtaposed stimuli which the ani- 
mals were not required to approach di- 
rectly—favored configurational organi- 
zation. To distinguish between this in- 
terpretation and those of Spence and 
Nissen, it was necessary only to repro- 
duce the essential features of the Weise- 
Bitterman situation in a suitably modi- 
fied jumping apparatus.® 


METHOD 


Thirty experimentally naive Albino rats 
bred in the laboratory were studied. They 
were between three and four months old 
at the start of the experiment. After ad- 
justment to handling, the animals were 
placed on a 24-hr. feeding schedule and 
preliminary training in the apparatus was 
begun. 

The jumping apparatus was designed in 
the conventional way with only one excep- 
tion. The two windows to which the ani- 
mals were to jump were separated by a 
center window which was used only for 
stimulus cards (Fig. 1). The three win- 
dows were cut in a hemihexagonal sur- 
round which was painted gray. Behind 
the windows was a feeding platform to 
which the animals gained access following 
a correct response, and below the windows 


We are indebted to Mr. Richard Gonzalez 
for assistance in the conduct of this study., 
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Fic. 1. Rat’s view of the stimulus card 
(center) and response windows. The stimu- 
lus card shown was used in the simultaneous 
Problem, in which the animal’s task was to 
jump to one of the gray cards when the white 
area was on the right and to the other gray 
card when the white area Was on the left. In 
the successive problem the stimulus card was 
either all white or all black, the white card 
signalling response to one of the windows 
and the black card to the other. The three 
windows in which the stimulus and response 


cards were set were cut in a hemihexagonal 
surround, 


was a cloth net into which the animals fell 
after an incorrect response. 

During preliminary training a gray card 
was locked in the center window, and the 
animals were trained to jump gradually in- 
creasing distances (up to a maximum of 9 
in.) through the open left and right win- 
dows. Then they were trained to jump to 
unfastened gray cards (somewhat darker 
than the gray of the background to facili- 
tate localization) in the left and right win- 
dows. Manual guidance was used to en- 
sure equal experience with both windows. 
Following the preliminary training the ani- 
mals were divided into two groups of 15 
animals each which were matched for ad- 
justment to the situation, 

Group I was trained on the simultaneous 
problem and Group II on the successive 
problem. For both groups the gray cards 
used in the preliminary training appeared 
in the lateral windows on each trial. The 
center window, which contained the stimuli 
to be discriminated, was locked at all times 
as before. Group I was trained with a 
stimulus card which was half black and 
half white (Fig. 1). Seven of the animals 
in this group were rewarded for jumping to 
the right window when the white half of 
the card was on the right (black-white con- 
figuration) and to the left window when 
the white area was on the left (white-black 


configuration). The direction of correct 
Tesponse was reversed for the other eight 
animals of Group I (left to black-white 
and right to white-black). Group II was 
trained with two stimulus cards, both halves 
of each being either black or white. Seven 
of the animals were rewarded for jumping 
tight to white-white and left to black- 
black, while the direction of correct Ter 
sponse was reversed for the remaining 
eight animals of Group II (left to white- 
white and right to black-black). Ten trials 
per day, five to each of the two configura- 
tions of each problem, were given by ene 
correction method. Each animal was al- 
lowed a maximum of three free jumps On 
each trial, and after three successive errors 
it was manually guided in the correct i 
rection; a correct jump terminated eac: 

trial. The criterion of learning was one 
errorless day, 


RESULTS AND DISCUSSION 


The course of learning in the mo 
groups is plotted in Fig. 2 (initia 
errors) and Fig. 3 (total errors). Jn 
Table 1 the results are summarized Sa 
terms of mean errors and days to cri- 
terion. The difference between the tye 
groups was large and statistically sig- 
nificant for all measures. The direction 
of the difference was in accord with that 
found by Weise and Bitterman—the 
Performance of the successive group 
being markedly superior to that of the 
simultaneous group—and there was as 
little overlap between the two groups 1m 
the present experiment as in the earlier 


TABLE 1 


RELATIVE DIFFICULTY or SIMULTANEOUS 
AND SUCCESSIVE PROBLEMS 


I II Dif * 
Simultaneous} Successive 
1 
Days 14.0 7.9 6. 
Initial errors 50.7 25.2 25.5 
Total errors 80.9 40.1 40.8 


* All differences were significant beyond the 19% level 
of Gules by Wilcoxon's monneyond the 1% level 
unpaired deviates (13). 


es 


SIMULTANEOUS AND SUCCESSIVE 


one. Thirteen of our successive ani- 
mals reached the criterion of learning 
before the first simultaneous animal had 
done so, while in the earlier experiment 
9 of the 10 successive animals reached 
criterion before the first simultaneous 
animal. 

Although the present experiment con- 
firms the results of Weise and Bitter- 
man, accumulated evidence requires a 
new interpretation of those results. As 
we have seen, Weise and Bitterman as- 
sumed that their simultaneous problem 
represented a simple within-pairs dif- 
ferentiation, and on this assumption the 
greater simplicity of the successive prob- 
lem was taken as evidence for the rela- 
tively primitive nature (defined in terms 
of priority or dominance) of ang 
tional perception. It now seems likely 
that both the Weise-Bitterman Lae 
lems were configurationally aes 
at least to begin with, and that the dif- 
ficulty of the simultaneous problem = 
due to the greater similarity between i 
configurations of that problem oF i l 
fact that those configurations could n 
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maze or the conventional jumping ap- 
s, which require the animals to 
approach (jump at or enter upon) the 
stimuli more directly, internal differ- 
entiation of simultaneous configurations 
is more readily achieved, and the simul- 
taneous problem seems to be less dif- 
ficult than the successive. Configura- 
tional effects may, nevertheless, operate 
in such situations (3, 14), and under 
specialized conditions, such as “two- 
situational” problems in which between- 
pairs differences are great and within- 
pairs differences are small, configura- 
tional organization may predominate 
(10, 11). At the present time the em- 
phasis of Weise and Bitterman on quali- 
tatively distinct levels of perceptual or- 
ganization seems to be justified; unfor- 
tunately, however, the precise nature of 
these processes, their interrelations, and 
their hierarchical arrangement on a 
scale of priority remain in considerable 
doubt. 

When the results of Spence and those 
obtained with the conventional jumping 
apparatus are contrasted with the re- 
sults of Weise and Bitterman and those 
obtained in the present experimert, the 
value of a more restricted definition of 
the concept of approach is indicated. 


paratu 
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Tf this term is used so loosely-as to apply 
te behavior in all discriminative situa- 
tions, no basis is provided for under- 
standing the contrary results obtained 
in the’ two groups of experiments. As 
long as an animal is locomoting, it can 
be regarded as “approaching” something 
in its path and “avoiding” something 
not in its path; 7 such designations at 
best contribute nothing to our under- 
standing and at worst may carry mis- 
leading implications concerning percep- 
tual-motor relationships. If we look 
toward a more literal definition of ap- 
Proach-avoidance situations (perhaps in 
terms of the consequences of direct con- 
tact with stimulus objects), we have a 
basis for distinguishing at least two dif- 
ferent classes of problem which seem 
to produce divergent results. 


SUMMARY 


The Weise-Bitterman experiment on 
the relative diffculty of simultaneous 
and successive discrimination has been 
criticized for complexity of method and 
failure to control stray light. In the 
present experiment, which was designed 
to forestall these criticisms, the Weise- 
Bitterman results were reproduced with 
a jumping apparatus. These and other 
recent experiments suggest the follow- 
ing conclusions: (a) in apparatus which 
require the animal to approach directly 
(jump at or enter upon) the stimuli to 
be discriminated, within-pairs differen- 
tiation is facilitated and the simultane- 
ous problem is less difficult than the suc- 
cessive; (b) in apparatus in which the 
stimuli are closely juxtaposed and need 
not be directly approached, configura- 
tional organization is facilitated and the 
simultaneous problem becomes more dif- 
ficult than the successive: 


n the s ; (c) the quali- 
tative distinction between relational 


7 Nisgen (5) has even extended the meaning 
of the terms to cover the aPpearance and non- 
appearance of “tail-twitching,” 
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(within-pairs) and configurational (be- 
tween-pairs) discrimination continues to 
be applicable although the question of 
functional priority cannot be answered 
in general terms; (d) if the concept of 
approach-avoidance is to be useful, its 
definition must be considerably re- 
stricted. 


REFERENCES 


1. Brrterman, M. E. Approach and avoid- 
ance in discriminative learning. Ps9- 
chol. Rev., 1952, 59, 172-175. be 

2. BITTERMAN, M. E. Spence on the een 
lem of patterning. Psychol. Rev., 1953, 
60, 123-126, 

3. Bitterman, M. E, Carvin, A. Du is 
Eram, C. B. Perceptual differentiatio 
in the course of nondifferential SE 
forcement. J. comp. physiol, Psychol. 
1953, 46, 393-397. " a 

4. Hurt, C. L. Principles of behavior. Ne 
York: Appleton-Century, 1943. 4 

5. Nissen, H. W. Description of the u 
response in discrimination behavior. 
Psychol. Rev., 1950, 57, 121-131. y 

6. Nissen, H. W. Further comment on oy 
Proach-avoidance as categories of re 
sponse. Psychol. Rev., 1952, 59, 16 

167, 

7. Satpanna, E. L., & Brrrerman, M. E. 
Relational learning in the rat. Amer- 
J. Psychol., 1951, 64, 37-53. Sah 

8. Spence, K. W. The nature of discrimina: 
tion learning in animals, Psychol. Rev. 

1936, 43, 427-449. b 

9. Spence, K. W. The nature of response in 

discrimination learning. Psychol. Rev. 
1952, 59, 89-93. 

10. Tras, D. C., & Brrrerman, M. E. Per- 
ceptual organization in the rat. 
chol. Rev., 1952, 59, 130-140. 

11. Turpevirre, J. R, Carvin, A. D., & BIT- 
TERMAN, M. E. Relational and con 
rational learning in the rat. Amer. J. 
Psychol., 1952, 65, 424-433. A 

12. WEISE, P., & Bırrerman, M. E. Response 
selection in discriminative learning. 
Psychol. Rev., 1951, 58, 185-195. _ A 

13. Wrcoxon, F. Some rapid approximate 
statistical procedures. Stamford, Conn.: 
American Cyanamid Co., 1949. 

14. Wopinsxy, J., & Brrrerman, M. E. Com- 
pound and configuration in successive 
discrimination. Amer. J. Psychol., 1952, 
65, 563-572. 


[MS. received November 1, 1952] 


Psy- 


Psychological Review 
Vol. 60, No. 6, 1953 


FORMALIZATION OF 


PSYCHOLOGECAL T HEORY 


F. J. McGUIGAN 


Human Resources Research Office, 


Even though psychologists have been 
collecting data for over a century, the 
sizable amount of observational informa- 
tion which they now possess is ina rela- 
tively unsystematized state. It is par- 
ticularly within the last two decade 
that psychologists have turned to the 
task of ordering these data. They kaye 
come to rather general agreement on PS 
value of the hypothetico-deductive i 
proach to accomplish this task, ie rs 
step of which is to choose Or buil ee 
appropriate formal system. It iS pe 
this problem that the present paper > 
concerned. While we recognize several 
possible formal systems that can be b i 
lized, it is difficult to say which cai m 
adequately be interpreted in paycholoey: 
Only by trial of the more promisi ng o 4 
can an answer be found. There ie 
behooves us to examine fhe Peco 
ties and attempt to ee be arabs 
as well as possible in oree 
more promising forma, 
ceive the major pat 
Struction sports This paper, then, 
attempt to bring to bear 
the knowledge that is n° 


Nature oF ForMAt wa Taam of 
A formal system is essentially Sa pta 
primitive terms combined 5 al terms 
tulates, from which ay is used 
and theorems can be AE of forma- 
in conjunction with (a) nd r what cir- 
tion rules which tell unde bination of 
cumstances & symbol oF Se be a per- 
symbols may be poneo a proposition, 
cia epres of transformation San 
which state the conditions for operatio 


of deduction. 
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One type of logical expression with 
which we are particularly concerned is 
the synthetic formula. We use this type 
of expression for the statement of natu- 
ral laws since it has the unique charac- 
teristic of being either true or false, de- 
pending on the empirical truth value of 
substitution instances of the variables 
employed. It is the prime goal of 
science to determine which specialized 
synthetic formulas are true and which 
are false. One rather widely accepted 
type of expression of natural laws is the 
general implication which allows predic- 
tion of a second variable, given the first.* 

Once a scientist chooses a particular 
formal system to work with he draws 
from it a set of symbols and relates them 
to empirical referents. (The formal 
system is then said to be interpreted.) 
These symbols are then arranged to 
form a permissible expression, particu- 
larly a synthetic formula, in accordance 
with the appropriate formation rules. 
In the process of applying the formal 
system the scientist must assume that 
the synthetic statements with which he 
is working are true. It is not the func- 
tion of formal systems, and the rules of 
formation and transformation, to de- 
termine which are true and which are 
false, but their function is exhausted by 
allowing derivation of new implications 
from the given synthetic formulas. It 
is rather the role of statistics to aid in 
determining the validity of synthetic 
formulas by determining the relative 
frequency of true to false instances. 


1 Reichenbach points out some of the diffi- 
culties incumbent in this type of expré3sion 
for natural laws, and the possible solutions to 
them (9). 
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° Psychology is now primarily in the 
Stage of stating hypotheses in everyday 
language, and Psychologists: are becom- 
ing increasingly aware of the limitations 
of this procedure. It is a healthy com- 
monplace to point out some of the de- 
fects of the scientific usage of natural 
language which can largely be overcome 


by using any formal system here dis- 
cussed: 


1. It generates ambiguity of the mean- 
ing of terms and hypotheses. 

2. It does not allow easy translation of 
concepts between different theories. 

3. It does not assure that implications 
of a theory follow in a rigorous fashion. 

4. It provides only subjective criteria for 
deciding when a Proposition is meaningful. 

5. It does not sufficiently make acces- 
sible all of the implications contained in a 
hypothesis. 

6. It makes impossible the evaluation of 
a theory according to the standard criteria 
of completeness, independence, and con- 
sistency which, while now not important, 
will become so when Psychology reaches a 
more advanced stage of development, 


Let us, then, briefly examine some of 
the more promising formal systems, 


LOGICAL Systems 


Calculus of Propositions. The primi- 
tive terms of this calculus include: (a) 
logical operations, “— a eC He 
“=,” characterized respectively by the 
words not, or, and, if... then, and 
material equivalence, and (b) proposi- 
tional variables—symbols which do not 
stand for any Particular proposition but 
which occupy a Place that can be filled 
by any special Proposition and usually 
characterized by the letters a, b, etc. 

In order to apply this formal system 
to psychology the elementary empirical 
Progositions with which the theory is 
concerned should be coordinated to 
Propositional variables. These elemen- 
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tary propositions, so symbolized, m 
then be combined to form more comp al 
ones, in conjunction with the logo 
operations, as the theory maker desir E 
Such propositions may then be T 
formed according to the ale ee 
rules of transformation in order to & 
tive at deductions. This procedure ma 
be illustrated by specializing the ge 
type for the expression of natural Ja a 
in Table 1 for the calculus of een 
tions. Thus, if we let a stand for é 
Proposition “an animal is hungry a 
b for “that animal will eat” and pa 
these symbols by the logical Operan Ta 
of material implication, we have y 
statement of an extremely slemen an 
law which can be interpreted as: “Jf I 
animal is hungry, then that animal W 
eat.” m 
Calculus of functions. Whereas A 
the calculus of propositions the propos if 
tions are treated as wholes, in this a 
culus their inner structure is analyze ) 
The primitive terms here include: ad 
term variables which hold open a Spe 
for things, usually characterized by re 
letters x, y, etc.; (b) predicate variab ; 
which hold open a place for properties, 
usually characterized by the letters Í a 
etc.; (c) the logical operations me 
tioned in the calculus of is guar st 
In applying this calculus the scien = 
must coordinate the things and ee 
ties with which his theory deals to a 
term or predicate variables and com nei 
them in accordance with his formati 


TABLE 1 


AWS 
LOGICAL Expressions or NATURAL L. 


Natural Language 


Calculus Formula Interpretation _ 
is 
= = “If a is true, then b 
Propositions a A an 
“For all x if æ is f, 
Functions |De] hae ib 
Probability | PCA, BJ=? | “If A is true, then 


probable ‘to the de- 
gree p" 
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rules to form propositions. Taking the 
same simple example as previously used, 
and again referring to the appropriate 
prototype for expression of natural laws 
in Table 1, we will let f stand for “a 
hungry animal,” and g for «will eat.” 
The interpretation of this law in the 
vernacular would then be: “For all =, 
if x is a hungry animal, then x will eat.” 

Calculus of probability. Statements 
are made in this calculus by joining @ 
known and an unknown class with the 
Use of the probability implication, sy™- 
bolized as “3.” This term is the only 


new primitive term not found in the 
calculi previously discussed and is in- 
terpreted in the context of the basic 
s bbreviated formula of this calculus, 
‘a3b,” as “if a is true, then 4 is prob- 


able to the degree p.” In order to 
facilitate applications of this calculus, 
Solutions for the degree $, etc. the 
Probability implication is abbreviated 
9Y using equations of the type indicate 
in Table 1. It is then possible to utilize 
€ general form of the previous calculi 
discussed within the “P symbol,” €85» 
the calculus of functions, thus a 
Us to perform the same transformations 
as in these other calculi. An Tea 
tion of our example using this calcu al 
Would be to let A stand for “An anin 


is hungry,” and B stand for “that ani- 


mal will eat”; then we can = oe 
following interpretation: ; Ron 
ability from the statement Ana i 
hungry’ to ‘That animal W. 
equal to p.” The value of $ : 
be determined by computing ri 
tive number of true to total insta 
empirical observations. 

An additional charan 
calculus is its ability +°. gig 
cally quantified data in ke A 
qualitative data. This is cet 
Merating elements of 2 etis — 
numerical properties 


teristic of this 
handle numeri- 


inste 
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tive properties. For an elaboration of 
this procedure see Reichenbach (10). 5 
One problem that is made particu- 
larly apparent in the application of this 
calculus concerns the assumption that 
the sequence of events being studied has 
a limit of frequency at $. This is sup- 
posedly a necessary condition for an 
admissible interpretation, and yet the 
calculus must be applied prior to know- 
ing that this assumption 1s satisfied. 
The general answer to this problem, as 
Reichenbach (10) points out, is that we 
do not know for sure that we have 
chosen a sequence that so converges, 
but the only chance for success is to 
proceed as if it does. The criterion of 
our success is the _adequacy of our 
formulation for making successful pre- 
dictions. More particularly, we obtain 
the initial section of a sequence and as- 
sume that the value of p thus calculated 
will persist, within certain limits of ex- 
actness, for the rest of the sequence. 
Evaluation of logical systems. Since 
the calculi of propositions and functions 
are two-valued systems of logic, i.e., the 
specialized variables contained in the 
propositions stated in them must be 
either completely true or completely 
false, they suffer various disadvantages. 
Thus, if a given type of behavior is a 
function of several factors acting simul- 
taneously, the amount contributed by 
these factors must be taken into account 
in order to yield a prediction, yet this 
cannot be done with these calculi. Simi- 
larly, predictions cannot be made about 
a precise quantitative value of an un- 
known variable, as can be done in, e.g., 
an algebraic equation. The calculus of 
functions, when compared to the cal- 
culus of propositions, is generally more 
fertile for yielding deductions since it 
allows internal analysis of proposi- 
tions, instead of treating propositions as 
wholes. The calculus of probability, 
when utilizing the calculus of functions 
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within the “P symbol,” however, is gen- 
erally more fertile than either of the 
other two calculi since it is capable of 
handling both qualitative and numeri- 
cally quantitative data. Thus, not only 
can this calculus handle amounts of 
variables entering into a behavioral 
equation, but it can also be used to pre- 
dict numerically quantitative values of 
unknown variables. 

The two-valued systems of logic are 
limited in another very important re- 
spect. Thus, if any given empirical 
Proposition is subjected to test and but 
one instance of negation occurs, regard- 
less of the number of positive instances 
observed, the proposition should prop- 
erly be considered false. There is no 
way to state the relationship of positive 
to negative instances in these calculi. 
All synthetic statements, however, have 
a probability character, which makes the 
calculus of Probability the only known 
logical system rigorously appropriate 
for application to the physical world. 
By its use, probability values can be 
attached to propositions in terms of 
Positive and negative instances observed, 

One particular advantage of any of 
these calculi over the more classical 
mathematical systems should be pointed 
out. That is that they all may be used 
to perform rigorous transformations of 
qualitatively stated Propositions. 


MATHEMATICAL SYSTEMS 


While it is rather widel 
mathematics is reducible 


making a working distinction between 
these two disciplines, Further, within 
the field of mathematics we choose to 
make an arbitrary disti 


distinction between 
classical mathematical Systems and 
unique mathematical Systems at a work- 


ing level. 

Classical mathematical Systems. This 
category is intended to include systems 
which deal with numerically quantified 


y accepted that 
to logic we are 
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data such as algebra, trigonometry, M- 
tegral and differential calculus, etc., ae 
primitive terms of which are mathe 
matical variables (x, y, etc.), mati 
matical constants (a, b, etc.), an 
various operations such as addition 
subtraction, etc. In utilizing these a 
tems the scientist can avail himself a 
either of two procedures, ape 
the state of knowledge in his area. © 5 
first consists of discovering relationship 
from empirically plotted data and atong 
the appropriate mathematical fee 
to those data. In this case there ne e 
not be a specific hypothesis in the we 
that the parameters of the oats 
need not have predetermined interpre e 
tions. The scientist may then speca 
late about the parameters of his eoim 
tion and coordinate empirical terms j 
them. If such be the case, these mia 
preted equations would then represe” 
hypotheses which should be validate 
by testing them against new data. he 
The second procedure consists of - 
fining empirical terms, coordinating 
them to formal symbols, and combining 
these symbols according to the om 
tion rules appropriate to the system i $ 
volved. Deductions may then berzi 
rived at by putting the equation? 
through the various mathematical operni 
tions, e.g., differentiating an agana 
equation. These equations then Er a 
sent explicit hypotheses which may a 
Subjected to test by fitting them to ap 
Propriate empirical data and determining 
their goodness of fit. This involves F 
general equation used and the generality 
of the mathematical constants ingol 
It is hoped that both are very general i s 
that they do not vary to any great Las 
tent for a variety of experimental situa 
tions. It is likely, however, that this 
generality will be limited, e.g., while the 
general form of the equation may hol 
throughout a variety of situations, the 
constants might be limited by specific 
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types of learning tasks, measurements 
taken, experimental situations, etc. 

Unique mathematical systems. 
Mathematics has largely developed ac- 
cording to the needs of one science, 
Physics. It is these particular types of 
mathematics, i.e., classical mathematics, 
that scientists are most familiar with, 
and that, therefore, are assumed to be 
the proper formal systems to use in psy- 
chology. There is no particular reason, 
however, to think that these types of 
mathematics are particularly applicable 
in psychology, and it is likely that new 
systems will have to be developed oF 
discovered. There are a number of in- 
Stances in the history of science where 
empirical sciences were able to make 
Breat advances only after singularly ap- 
Propriate formal systems were made 
available. . 

Lewin (6) represents the outstanding 
attempt to apply a unique mathematic 1 
System to psychology, which is essen 
tially a composite of vector geomety, 
topology, and classical mathematics ‘ 
He attempted to develop empirical ER 
structs which characterize the life space, 
Coordinate them to topological and bs zi 
tor concepts, and then state the la 

i i e properties, 

governing changes in thesi Pi yaator 
€.g., he coordinated a need pol oa cmd 
ee ee its attempts at 
unique characteristic © 


ili formal 
formalization is that he utilized 


itative 
data. The answer to the qu 


1 sys- 
‘ these format 
“enina Beng ed = cal since consider- 
a 


tems is not unequivo towards 
ably more work should be oi pro- 
this end. ered Tew applying these 
gress much farther a few surface 
eometries than to US? ne, e.g. 
eet but what has. == es studies, 
his f s lization of Zeigar , 
sage definite advancement. 
appears to be 3 nary attempts in this 


imi! sas 
Pde. D a ppear promising are the 
irecth 
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efforts of Estes (3) and Bush and Mos- 
teller (1, 2) to utilize set theory in coa- , 
junction with classical mathematics. 


> 
DISCUSSION a 


We have indicated that two-valued 
logic and classical mathematics, taken 
separately, are inadequate systems for 
psychology. There thus appear to be 
three more promising possibilities for 
attempts at formalization: (a) a com- 
bination of two-valued logic and classi- 
cal mathematics, (b) a combination of 
classical mathematics and a unique type 
of mathematics that is capable of hand- 
ling qualitative data, e.g., topology, and 
(c) the calculus of probability. 

However, in view of the fact that our 
laws should take the form of a prob- 
ability statement, the only really ap- 
propriate system seems to be probability 
logic, since it has this capacity, in addi- 
tion to all the apparent advantages of 
the other systems. It is, of course, 
possible that this calculus can be used 
in combination with a mathematical sys- 
tem, but the conclusion that at least it 
should be used is inescapable, and it is 
likely that it alone can be sufficient. 
There is, on the other hand, no reason 
to think that only one formal system 
will be appropriate in psychology but it 
may well turn out that, as in physics, 
several geometries can be interpreted 
with equal adequacy. However, since 
probability logic is somewhat more com- 
plicated to use than two-valued logic 
and since it is possible to interpret the 
statements of one in the other without 
any great difficulty, it may be that the 
latter can be used to arrive at approxi- 
mations. 

There are, of course, other logical 
systems that could have been discussed, 
e.g., calculus of classes, three-valued 
logic. However, these possess no ap- 
parent advantages over the calculi here 
presented. Thus, both the calculus of 
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classes and three-valued logic are gen- 
eralized in probability logic, and neither 
offers apparent advantages as techniques 
for approximations over the calculus of 
propositions or the calculus of functions. 

Some examples of two-valued systems 
applied in psychology are the works of 
Hull eż al. (5), Miller (7), and Fitch 
and Barry (4). Woodger applies them 
in biology (11), and Reichenbach (8), 
in the area of quantum mechanics, 
makes the first application of three- 
valued logic. 

A note of caution is now in order. 
We must be aware of the waste of 
energy that would come with premature 
formalization; this does not mean, how- 
ever, that we are not ready for it any 
place in psychology. We should be dis- 
criminating and attempt formalization 
only in well-developed areas where its 
success is a real possibility. One prob- 
lem in formalization is the difficulty of 
encompassing all the well-established 
facts in a field. This is another indica- 
tion that our initial attempts should be 
made in limited and well-founded fields, 
e.g., aspects of learning, and not attempt 
to formalize the whole field of psy- 
chology at this time. Through ex- 
perience we will learn to what extent 
our limited interpreted systems can be 
concatenated to provide a unified whole 
in psychology. 

Formalization is probably the major 
problem facing us today. Our more ad- 
vanced sciences have shown us that 
great advances come with increased 
formalization. This is the trend—it js 
on us. Furthermore, Psychologists are 
the ones who will have to do most of the 
work, We cannot rely on logicians and 
mathematicians, because they do not 
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have the necessary psychological knowl- 
edge with which to work, and if they 
did, psychologists would still have to 
have a working knowledge of the formal 
system in order to grasp the real mean- 
ing of propositions, Interpretations 
back into the vernacular fail to convey 
the full essence of complex hypotheses 
which are formally stated. 
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INHIBITION THEORY AND THE EFFORT VARIABLE! 
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The present paper analyzes a motor 
learning problem which seems to be 
somewhat confused. At the theo- 
retical level, the problem is concerned 
with the Hullian constructs of reactive 
inhibition and conditioned inhibition 
(12, pp. 277-303): At the empirical 
level, it consists of determining func- 
tional relationships between the effort- 
fulness of the task and certain meas- 
ures of task performance. aoe 

The significance of the effort-inhibi- 
tion problem stems from the theo- 
retical orientation of much recent 
Motor learning research. A good deal 
of this research has been concerned 
With testing hypotheses deduced from 

ull’s inhibitory constructs, and has 
shown that the effects of a number of 
Variables on motor task performance 
are consistent with expectations from 
inhibition theory. However, such : 
Satisfying state of affairs does a 
appear to exist for the effort varia>™ 
Several Es have made pr rae 
Concerning the effects of eke d 
inhibition (8, 10, 11). Datacd ti 
by these and other Es hae a 11). 
Support the predictions (4, 5,8, Caen 

The thesis of the present Pane as 
that this effort-inhibition ice ene 
been misinterpreted, largely theory. 
of difficulties inherent 1" ti k 

i nks 

1 The author wishes to express his th P. 


al 

to Drs. Benton J. Underwoo' sity, and to 

Duncan, of Northwestern swa State College, 

ichard B. McHugh, © manuscript. 

for their helpful comments OP ney. McNelly 

hanks are also due to Geo Jiscussing issues 
for the many hours Pen 


of these issues 
involved in this pape": ‘ointly authored 
were discussed in a paper i 


with Mr. McNelly, presented at the 1952 


Eet ie Midwestern Psychological 
eeting o 
Ali 


o 


g 


Following a brief statement of the 
basic operations and concepts in- 
volved in such research, this thesis 
will be developed by considering three 
topics: (a) the inhibitory constructs, 
(b) the deductions which can properly 
be made from them, and (c) the impli- 
cations of past research in the light 
of these more proper deductions. 
Finally, suggestions for future re- 
search will be advanced. 


Basic OPERATIONS AND CONCEPTS 


Operations. Tasks used in Hullian- 
oriented motor learning research have 
included reversed alphabet printing, 
the pursuit rotor, a block-turning task, 
a ball-placing task, and a hand-crank- 
ing task. The experimental treat- 
ment usually accorded S is the per- 
formance of such a task before and 
after a single interpolated rest. The 
basic response measure has been S’s 
rate of motor performance, although 
the major interest has been in response 
measures derived from this simple 
measure (see below). The variables 
manipulated have included number of 
prerest responses, degree of distribu- 
tion of prerest practice, length of 
interpolated rest, and, of course, effort. 

The Es have manipulated effort in 
a number of ways. In the pursuit 
rotor, Eckstrand attached vertical 
springs of varying tension to the rotor 
stylus. The S had to work against 
this spring tension in order to bring 
the stylus down to the plane of the 
revolving target (8). Helmick, who 
also used the pursuit rotor, believed 
that he was manipulating effort in 
varying the speed of rotation of the 
target (11). In the block-turning 
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task, an attempt was made to manipu- 
late effort by varying the height of the 
work surface on which the task rested 
(10). From previous research (9) it 
was assumed that high work-surface 
heights were more effortful than mod- 
erate heights. More direct manipula- 
tions have been used by Bilodeau in 
simple motor tasks. Ina ball-placing 
task, balls’ of varying weights were 
used (4). Ina crank-turning situa- 
tion, Bilodeau varied the force neces- 
Sary to turn the crank (5). 

Theory. These experimental oper- 
ations have been largely dictated by 
the desire to test hypotheses deduced 
from inhibition theory. The basic 
notions of the theory are simple. It 
is essentially, as Kimble has noted 
(15), a two-factor theory of inhibition. 
Two inhibitory Processes are postu- 
lated; both are Presumed to depress 
performance. However, the two kinds 
of inhibition are differentiated in re- 
spect to their permanence. One of 
these inhibitory Processes, reactive 
inhibition (Zz), is temporary in the 
sense that it dissipates with time. 
The other, conditioned inhibition 
(sIr), is permanent in that it is a 
habit, a learned response of not- 
responding. (sIr is of course not ab- 
solutely permanent; like other habits, 
it can be forgotten or unlearned.) 
These two inhibitory factors are pre- 
sumed to summate to yield a total 
inhibitory potential, which Operates 
to depress performance. 

Indices of the inhibitory constructs. 
Such a theory yields deductions 
couched in inhibition language. How- 
ever, one does not measure inhibition, 
one measures motor behavior. Thus 
it is necessary to determine derived 
response measures which will serve as 
indices of Ip and sIp. Both Ammons 
(1) and Kimble (15) have suggested 
such indices. Reminiscence, taken as 
the extent to which a group’s initial 
postrest performance exceeds its final 
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prerest performance, has been used 
as an index of Ip. The notion is that 
reminiscence is due to the dissipar ap 
of the Zz generated prior to rest, an 
that the amount of reminiscence PE 
reflects the amount of Ip dissipate 
over rest. The index for sp is more 
complicated. It is based on the nos 
tion of comparing initial postrest pa 
formance with the performance T 
pected if prerest practice had bee 
free from both kinds of inhibition. h 
distributed-practice condition pened 
has received approximately the sam 
amount of practice is customarily use j 
to provide the estimate of amen 
free performance. Figure 1 illustrate 
this technique of measuring Ir Shé 
sIr in an experimental group. I 
distance A is reminiscence, the a 
index. The distance B, which repre- 
sents the extent to which the erpe 
mental group fails to recover to net 
level of the distributed group, is t 
sIr index. 

Past research. These are the tw? 
response measures that have been O 
Major research interest. Of the se 
the Iz index has received the men 
attention. It has been shown, > 
would be expected from theory, oe 
reminiscence is (a) directly propo i 
tional to the number of prerest i 
sponses (2, 4, 10, 13, 15, 18) (b) in 
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versely proportional to the degree of 
distribution of prerest practice (3, 6, 
16), and (c) directly proportional to 
the length of the interpolated rest 
(2, 4, 10, 13, 14). 

Results from the few experiments 
using the sZp index present a less 
clear picture. Substantial amounts 
of sIr, which behave as expected from 
theory, have been found in two studies 
(15, 20). However, a recent study 
(19) suggests that this measured sIr 
may be an artifact of experimental 
procedure, and several other studies 
(3, 16, 18) find little evidence for sIr- 

e shall carry the sIr construct in our 
theoretical analysis, but it should be 
recognized that the evidence for such a 
construct is, at best, fragmentary. 

As has been indicated previously, 
results from the effort variable do not 
appear to fit neatly with the theori 

he usual prediction is that the 7 
index (reminiscence) is proportional 
to effort. The usual finding is tat 
the Ip index is independent of += 
(4, 5, 8, 10, 11). No research he 

een published to date concerning 
effects of effort on the sIr nder n 
a subsequent section it will be y 
that this prediction of a propor m 
ality between In and eG 5 inhibi- 
necessarily follow from Hull s 
tion theory. 


ORY CONSTRUCTS 


THE INHIBIT fe His UIt 


Reactive inhibition. Ties 
retical formulation, HON A nie 
three characteristics of A (b) the 
(2) their psychologic? A ables which 
manipulable stimulus ie paren 
influence them, and (9) be inferred. 
from which they a status; it is 
qi given mot esponse-avoidance 


ich are ex- 
; «ables whic 
drive. The var termine theamount 


plicitly stated to by a sequence of re- 
of Ip generate a) the number of 


re two: 
sponse Se, and Ó) the work 
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involved im the execution of the re- 
sponse. The time elapsed since the 
cessation of responding is a variable of 
special importance for Ip. Ip is given 
the special property of spontaneously 
dissipating with time. Finally, Ir is 
presumed to reflect itself in behavior 
through its postulated characteristic 
of decreasing the probability that the 
response will occur. 

The relationship between Jp and 
work specified above deserves further 
comment on two counts. The first is 
a matter of terminology. In the pres- 
ent paper we are using the term 
“effort” to describe essentially what 
Hull means by “work.” A number of 
considerations dictated this choice. 
First, after defining work as the prod- 
uct of forces times length, Hull points 
out that the inhibition associated with 
a given amount of work 1s not merely 
a matter of mechanics, but is partially 
a function of the strength of the 
muscle system involved (12, p. 279), 
Thus, predictions must concern them- 
selves with more than just the gross 
physical work accomplished by a re- 
sponse. Second, work can denote 
several things: physical work (foot- 
pounds), the fact of performing a set 
of duties (I went to work), the re- 
peated execution of a well-practiced 
response (19, p. 555), a subjective 
experience (this is hard work). Third, 
the trend among current authors 
seems to be to employ effort rather 
than work. 

It is of course possible to effect a 
transposition between effort, as used 
here, and work, defined as the product 
of force and length. Most Es, al- 
though they have described their 
manipulations in terms of effortful- 
ness, have actually endeavored to 
manipulate work by varying the force 
requirements of the task. Eckstrand’s 
variation of spring tension in the pur- 
suit rotor, or Bilodeau’s variation of 
the weight of the balls used in the 
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ball-placing task are clear ‘examples of 
this. The work-surface height ma- 
nipulation is not so direct. For this 
variable one might speculte“that the 
muscular tension generated at high 
work-surface heights represents an 
Opposing force which has to be over- 
come’ in responding. Helmick’s vari- 
ation of the rate of rotation of the 
Pursuit-rotor target is a manipulation 
which attempts to vary work by vary- 
ing length, since the rate increase 
lengthens the target track per unit 
time. Actually, both the work-sur- 
face height and rotor-rate variables 
are somewhat suspect as work ma- 
nipulations. For the work-surface 
height variable it would have to be 
shown that variation does influence 
the force requirements of responding. 
For the rotor-rate variable, it would 
be necessary to show that the force 
exerted is equivalent at the rate 
values used. 

The second general comment refers 
to the fact that the Ip-work relation- 
ship given above is actually a simpli- 
fication of Hull’s theorizing. The 
equation given by Hull is (12, p. 279): 

. cn 

G) İr = BW’ 

where c and B are constants, 7 is the 
number of responses evoked, and W 
is work. 

Confusion attends the Iz term. In 
later portions of the section on inhibi- 
tion, İr is defined as the total inhibi- 
tory potential according to the equa- 
tion (12, p. 285): 


(ii) İr = Ir + sIr. 


If equation (i) is take 
it allows no separati 
of W on Ir and sIr. 
ence either or both of 
tor. components, 
The simplification |i 
that Hull was referrin 
in equation (i). 


n as stands, then 
on of the effects 
W could influ- 
the two inhibi- 


es in assuming 
§ to Ir, not Ip, 
There are two rea- 
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sons for such an assumption. First, 4 


the equation occurs in the section 
discussing the characteristics of Ir 
Second, this simplification has been 
made implicitly by a number of prevu 
ous authors. For example, Kimble, 
who was one of the first to apply 
Hullian inhibitory concepts to a 
learning problems, has stated nae 
is proportional to work or effort (14 
. 239; 16, p. 500). Pe. 
7 Conditioned inhibition. sIr is give? 
the status of a habit. The reintor 
ment for this habit is presumed to x 
the dissipation of Ip which areon 
panies the cessation of work. Whe ‘ 
work ceases, Ip dissipates and ae 
vides the reinforcing state of affair 
necessary to condition the erate. 
response to stimuli present. ba 
stimulus variables which influence s T 
are not explicitly stated. However 
it seems apparent that the amount g 
sIr developed will be primarily 
direct function of the amount of | h 
Present and the rapidity with whic 
it dissipates. Thus, the amount ai 
sIr generated will hinge on the Yi ; 
ables previously discussed which ‘ 
termine the amount of Jp present: 
Finally, like Ir, sIr is presumed z 
decrease the probability of recurren¢ 
of the response evoked. 


DEDUCTION or THE ErrEcts OF 
EFFORT ON THE INHIBITORY 
CONSTRUCTS 


Reactive inhibition. It would eee 
from the theory sketched above, t Ki 
an experimental test of the propa 5 
tionality between Ip and work d. 
task effort would be straightforwani a 
Work could be varied by altering t 
effortful demands of the task, and x 
could be indexed by the amount 9 
reminiscence shown after the intro- 
duction of an interpolated rest, The 
theoretical expectation would be that 
Ip and its reminiscence index woul 
be proportional to Work. Unfortu- 
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nately, the theoretical expectation is 
Not strictly correct. The propor- 
tionality between Ip and work holds 
only for a special case. . 
Let us examine this theoretical 
difficulty. It stems from the fact that 
there is another variable besides 7 
(number of responses) and W (work) 
which determines the amount of Ir 
generated by a sequence of responses. 
This variable, rate of responding (r) 
is implicit in the theoretical formula- 
tions of Hull? To illustrate the role 
of r, consider two response sequences 
which are equivalent in # and W, but 
which have different 7's. If one 
sequence is evoked at a very slow ante 
it would be possible for all the = 
generated by a response to eyes 
before the next response occurre’ : 
In this case, the amount of Ir repan 
ing at termination would be A 
the amount generated by, the las we 
terminal response. This sitianontas 
be contrasted with the a 
responses are evoked at a rap! ont 
Here, Ip could accumulate throng Hes 
the sequence, since there T Spat 
be sufficient time for it to ae th 
appreciably between respo et at 
this case the amount of T. a Pie aouint 
termination would be the FARES 
minal respons 
S aerated by He ce Ig remaining 
plus the undissipated lz 


from prior responses. licit, the 
z able exp , 
With the rate vere Ne different: ap- 


t 
ots a it states the fol- 


Be . ionships: 
towing. ihe functional relationships 
(iii) In = gwe 
(iv) In = h(W)ar 
(v) Iese ilr)aw 

V, 


imble, it should be pointed 

yen the rate variable explicit 
out that he bas $30). However, Kimble has 
status (14, Bee the effort variable as such, 
not dealt "te variable apparently has re- 
Jd implicit for most Es working on the 
mained pibition problem. 


2 In fairness to Ki 


where g, k} and z denote functional rela- 
tionships (Ir increasing with increases in, 
n, W, or r), the subscripts indicate vari- 
ables whiçh are held constant, and Tr 
refers to amount of reactive inhibition 
generated by the response sequence. 


While these equations are useful 
when one is content to vary one re- 
sponse sequence characteristic at a 
time, additional equations would be 
needed to handle cases where more 
than one characteristic varied. Equa- 
tion (i) is such an additional equation ; 
it handles cases where both » and W 
vary but r remains constant. How- 
ever, a final relationship, specifying 
either the functional relationship of 7 
to W or r to W is not given. Thus, 
the theory does not handle the general 
case. It does not permit predictions 
concerning the relative amount of Ir 
generated by sequences which differ 
in W, , and r. Some of the effort- 
inhibition research has been of this 
nature. The Ss have worked for a 
given period of time at one of several 
conditions of effortfulness. The ef- 
fortful manipulation has depressed 
rate of responding and thus also 
altered the number of responses 
evoked (4, 5, 11). 

However, although it does not fol- 
low for the general case, the usual 
prediction of a proportionality be- 
tween Ir and work or effort does hold 
for a special case. From equation 
(iv) it can be seen that the propor- 
tionality follows from theory if re- 
sponse sequences varying in W, but 
identical in # and r, are compared. 
This would occur, for example, if the 
effortful manipulation did not depress 
rate of responding, and if the groups 
of Ss at the various effort conditions 
all worked for the same length of time. 
Some of the effort-inhibition research 
has been of this nature (8, 10) For 
example, in the work-surface height 
study (10), Ss working at high (pre- 
sumably more effortful) heights “re- 


388 


sponded just as rapidly prior to rest 
as‘Ss who worked at moderate heights. 
Since both groups worked for the same 
length of time prior to rest they were 
equivaient in total number of prerest 
responses, and the study thus com- 
pares response sequences equivalent 
in v and r, but supposedly different in 
effortfulness or work. It will be noted 
subsequently (see implications of past 
research) that, while the failure of the 
effortful manipulation to depress rate 
of responding rescues the predictions 
of such experiments, it also raises 
some doubt as to the adequacy of the 
effortful manipulation. 

Conditioned inhibition. The com- 
ments regarding the inability of inhi- 
bition theory to handle the J r-effort 
function for the general case also have 
implications for the sIp-effort func- 
tion. Since slp depends for its de- 
velopment on the dissipation of Ip, 
the theory does not permit predictions 
in the general case concerning the 
effects of effort on sZp. 


DEDUCTIONS FROM MODIFIED 
HULLIAN THEORY 


Although the theory, as it stands, 
is indeterminate, it can be coupled 
with a supporting assumption to yield 
predictions. This supporting assump- 
tion can be seen most clearly within 
the framework of Kimble’s extension 
of Hull’s theory. Kimble adds the 
notion that organisms will only toler- 
ate a threshold or critical amount of 
Ir, and that when this threshold 
is reached the organism rests. For 
Kimble, this rest may actually occur 
during the response sequence. Here 
is Kimble’s picture of an organism 
working under relatively massed prac- 
tice (15, p. 16): 


Sinte Ig is a drive, it seems only 
reasonable to suppose that the accumula- 
tion of a certain critical amount will 
automatically produce resting. . . . Pre- 
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sumably, once Ip is reduced to below 
the critical level, the organism driven i 
motivation to perform the task at han 

will resume work and continue workin 
until the critical level of Ip is reache! 4 
again. Then it will rest, reducing Iri 
start work again, increasing Jp and so on. 


Now the supporting assumption is 
merely that this critical level of Zr is 
the same for all conditions of effort. 
Thus, in an effort-reminiscence experi- 
ment, the assumption would be that 
Ss in the various effort conditions 
would tolerate approximately equa 
amounts of Ip. In terms of Kimble's 
theory, which assumes (16, p. 500); 
with some empirical basis (17, 20): 
that motivation is the primary de- 
terminant of the critical Ip level, this 
amounts to assuming that the Ss are 
equally motivated at the various effort 
conditions. Or, in alternative terms; 
one might characterize the assumption 
as stating that Ss in the various effort 
conditions are allotting the ae 
amount of energy to the task at kant 
Intuitively, this seems a reasonab 
assumption. It also has the er 
as will be seen subsequently, of yie 
ing predictions which are in accor 
with experimental results. 

Rézolies inhibition. Figure 2 sketch” 
es the development of Ip at two con! 
tions of effort under the er 
theory. Consider the curve for 
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low effort condition. As responses 
are evoked, Ip cumulates until the 
critical level is reached. When the 
amount cumulated reaches this level, 
the organism stops work, and Ir 
dissipates. After sufficient Ir has 
dissipated, the organism starts work 
again and the cycle is repeated. 

The curve for the high effort candi 
tion portrays the same sequence 0 
events. Since we have not assumed 
any particular relationship henver 
task effort and rate of responding, t : 
curve shown is just one of a family o 
possible high effort curves, each ane 
corresponding to a particular ra 4 
of responding. The particular be 
shown rests on the assumption m 
rate of responding is somewhat è- 
pressed at the high effort con ifion: 
There are other possibilities. I tie 
effort conditions were identical in zat e 
of responding, the high etort gui i 
would rise even more steeply. : 7 a 
effort Ss adjusted their rate oe 
sponding so that they were genei = 
the same amount of Ir per unt "stow 
as the low effort Ss, the high ally, 
effort curves would coincide. Ears 
if high effort Ss responde! ee 
that they were generar gs, the high 
unit time than low effort i = aoe 
effort curve would fall belov 
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6 ‘ the figure i 
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o ete the ge nr soa 
reach the critical level ding adjust- 


of just what + of are adopted, 
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: ry Š 5 
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ee amount ar rae 
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independent gi ki “aturally arises con- 
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cerning ve practice: In his theory, 
amount °’. les out that Ir probably 


Kimble Pa to amaximum. If remi- 
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niscence iş taken as an index of Ir, 
then empirical amount practice-remi-_ 
niscence functions furnish estimates 
of how much time is required for Ir 
to reach a maximum. Numerous 
studies (4, 10, 13, 14) show that the 
balance of the growth of Ip is ac- 
complished in the first 3-5 min. 
ctice. 
Dianne inhibition. Figure 2 
ermits some comment concern- 
soe the effects of effort on sf, Rs It 
will be recalled that, in Kimble’s 
theory, it is the resting responses 
pictured which develop sZ. Re Figure 2 
shows that both effort conditions have 
identical amounts of Ip present when 
rest is taken. This, therefore, would 
not produce differential amounts of 
sIr at the two conditions. However, 
Fig. 2 also points up the possibility 
that the conditions might differ in the 
number of resting responses made. 
This could produce a difference in sIp: 
the condition with the greater number 
of resting responses should develop 
the most sIr. 

Whether or not the conditions will 
differ in number of resting responses 
and sIr cannot be predicted from the 
theoretical formulation given, since it 
will depend on the kind of rate ad- 
justment adopted by high effort Ss. 
For example, if the adjustment shown 
in Fig. 2 is assumed, there would be 
more slr (more resting responses) at 
the high effort condition. An alterna- 
tive assumption is that Ss adjust 
their rate of responding to different 
values of effort so that they are gener- 
ating comparable amounts of Ip per 
unit time. This assumption stretches 
our original equality-of-motivation as- 
sumption, which was restricted to 
points in practice after reaching the 
critical level, over the entire work 
period. It would place the curves of 
Fig. 2 together and yield the predic- 
tion that both Ip and sIr are inde- 
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pendent of task effort at all stages of 
practice.? 


IMPLICATIONS OF PAST RESEARCH 


With predictions concerning the 
effects of effort on Ip and sIr clarified, 
let us consider the results of the five 
relevant studies. At the outset it 
should be noted that none of these 
studies has been directly concerned 
with sIr, so that the discussion will 
be limited to the Ir construct and its 
index, reminiscence. The studies may 
be divided into two groups: (a) those 
in which the effortful manipulation 
did not depress Prerest performance, 
and (b) those in which the effortful 
manipulation depressed prerest per- 
formance. 

The Eckstrand (8) and the Ellis, 
Montgomery, and Underwood (10) 
studies belong in the first group. 
Since prerest rate of responding was 
not depressed in either study, the 
correct prediction, according to the 
Previous discussion (see deduction of 
task effort effects, special case), would 
be that Zp and reminiscence would be 
Proportional to task effort. In con- 
tradiction to this theoretical expecta- 
tion, both studies found that remi- 
niscence was comparable at the vari- 
ous effortful conditions, 

However, as has been pointed out 
(10), there is a consideration which 
may vitiate the theoretical implica- 
tions of these studies, Since there 
appears to be no case in the literature 
where equal prerest performance is 
followed by unequal amounts of remi- 
niscence, one might expect that effort- 
ful conditions with identical prerest 


* Bilodeau, in handling the results of one of 
his studies, has recently arrived at a view 
generally similar ito that Presented in this 

` section on deductions from modified Hullian 
theory. Bilodeau suggests that the*Ss in the 
various effortful conditions were'about equally 
fatigued, and that they had achieved this 
state of affairs through adjustments in their 
rate of responding (5, p. 99), 
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performance would show identical 
reminiscence. 

The Helmick (11) and Bilodeau 
(4, 5) studies belong to the second 
class of studies. In these studies the 
effortful manipulations did depress 
prerest performance. For this ve 
the prediction from our theoretica 
section would be that Ip and ae 
niscence would be independent O 
effort. This is essentially the ay 
of the studies. There is some ten 7 
ency for reminiscence to inet 
slightly with increases in effort, 
there is no statistical evidence w: 
this trend is significant. Thus, E 
appears that results from contempor- 
ary effort-inhibition research are es 
sistent with a slightly modified versio. 
of Hullian inhibition theory. 


FUTURE RESEARCH 


The remedy for those studis m 
which the effortful manipulation faile j 
to depress prerest performance seems 
simple. Choose an effortful man De 
lation and a response measure SO t a 
the response measure is sensan 
the effortful manipulation. Actua yı 
this remedy is not so simple. It ap; 
pears difficult to find response mea 
ures which are sensitive to ceria 
typesof effortful manipulations. Wee 
sider the work-surface height variab H 
The Ss working at heights appret 
mately on a level with their shoulder 
emit signs of effort, such as profanny 
and requests to cease work, but pe 
sistently refuse to satisfy E e 
depressed performance. Or consi¢ 
Eckstrand’s variation of the Se 
tension on the pursuit-rotor sty ni 
At the greatest spring tension, EY 
dence indicated that Ss had difficulty 
in working for the required ey 
Yet, performans Aan not depresse 

i Iti . 
D observations Suggest that 
there may be two general classes of 
effortful manipulations, anq that the 
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kind of response measure which will 
be sensitive will depend on what class 
of effortful manipulation is being 
used. The two classes may be called 
response-dependent and response-in- 
dependent effort. 

Work-surface height and stylus 
spring tension appear to be good ex- 
amples of response-independent effort 
because the effort is largely inde- 
pendent of response events. For 
work-surface height the feature which 
appears to generate effort is not turn- 
ing blocks over, but holding arms up. 
Stylus spring tension has the same 
general characteristic: the effort exists 
independently of whether S is on 
or off target. Ordinary performance 
measures may not be sensitive to 
such response-independent effortful 
manipulations. What may be needed 
is some index of how long S will work 
voluntarily at the task (7). Studies 
of the influence of task effort on remi- 
niscence scores based on such an index 
would determine whether the Hullian 
constructs are useful in handling phe- 
nomenon associated with response- 
independent effort. 

As examples of response-dependen 
effort, Bilodeau’s ball-weig 
crank-force manipulations od k 
cited. Here the generation o S s 
is directly contingent on ‘~ ARE 
of the response mea aes aana 4 
ofthe eika si m kher example 
E are : rock Such a 
of response-depen¢ ro ursuit rotor is 
manipulation for the P 


an ap- 
harder to envisage: d E EA 
aratus which prove% 
gradient of spring tension as 176 SY 
a hed the target Wou 
pproache would be that, 


int 
answer. Our Pol ependent effortful 


for such response- 

manipulations, ordinary — 

es would be appropria e. i 

M The: eed for some principle of moti- 

ti noe ener! allotment, so appar- 
vatio 


o nhe theoretical section of this 
ent in 


PN 


paper, alsq suggests a fresh approach 
to some motor learning problems. 
Specifically, two types of problems” 
may be suggested. 

First, although our analysis sug- 
gests that one of the basic invariances 
in the effort experiment is the motiva- 
tion or amount of energy which S 
allots to the task, we have no guaran- 
tee that this invariance will stand up 
at the extremes of the effort dimen- 
sion. It may be that present research 
has been limited to effortful manipula- 
tions which cluster at the high or low 
end of the effort dimension, and that 
a more adequate exploration of the 
dimension would show up some sys- 
tematic relationship between effort- 
fulness and inhibition. Certainly it 
would appear that some research 
should be directed at determining 
features of situations which upset Ss’ 
usual methods of adjusting energy 
output. 

A second type of problem involves 
the direct investigation of the brief in- 
hibition-dissipating resting responses 
postulated by Kimble. The study of 
long sequences of responses evoked 
under massed practice should provide 
information as to the presence of these 
resting responses and their role in the 
mechanics of inhibition, and also sug- 
gest the laws which govern their ap- 
pearance. The scheme of energy al- 
lotment which S achieves with these 
responses may well be a potent vari- 
able in motor learning situations. 


SUMMARY 


The present paper has dealt with 
the implications of effort-reminiscence 
research for Hullian inhibition theory. 
In the past, such research has been 
viewed as yielding results inconsistent 
with this theory. 

It is pointed out here that this 
research has been misinterpreted. 
First, it is noted that Hullian theory, 
as stated, does not permit general 
predictions concerning the effects of 


392 


effort on reminiscence. A prediction 
is presented for the special case where 
effort does not depress performance, 
but it is pointed out that such an 
effortful manipulation does not permit 
critical tests of the theory. Second, 
it is shown that, if Hullian inhibition 
theory is coupled with supporting 
assumptions concerning how Ss allot 
energy to the task at hand, a predic- 
tion of independence between remi- 
niscence and effort can be made. 
Third, since this is the result obtained 
by past studies, it is concluded that 
past research on the reminiscence- 
effort function is indeed consistent 
with a modified form of Hullian inhibi- 
tion theory, Finally, research de- 
signed to capitalize on the energy 
allotment problem made explicit in 
the theoretical section of the paper is 
suggested. 
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This paper points toward the possi- 
bility that many of those phenomena 
of social behavior which have been 
somewhat loosely assembled under the 
label of “interaction” can be more ade- 
quately studied as communicative acts. 
It further points to the possibility that, 
just as the observable forms of certain 
solids are macroscopic outcomes of 
molecular structure, so certain observa- 
ble group properties are predetermined 
by the conditions and consequences of 
communicative acts. 

The initial assumption is that com- 
munication among humans performs the 
essential function of enabling two Or 
more individuals to maintain simul- 
taneous orientation toward one another 
as communicators and toward objects 
of communication. After presenting 
rationale for this assumption, we fet 
attempt to show that a set of Pee it 
tions derived from or consistent Ww? 


seems to be supported by empirical 
findings. 

CO-ORIENTATION AND THE A-B-X 
SysTEM el 
Every communicative act is ens i 
as a transmission O 
Sisting of discrimin 
a source to a recip 
purposes it is assume 


native stimuli have 4 


A ti 

1 This statement 1S ai 
ler’s definition: “ ‘inform 

to the occurrente, U ie stimuli. 1 i 

ternative disip a stimulus that is arbi- 

native stimulus ciated with some 


ative 
jent For present 


that the discrimi- 
discriminable ob- 


o 


ject as referent. Thus in the simplest 
possible communicative act one person 
(A) transmits information to another 
person (B) about something (X). Such 
an act is symbolized here as AtoBreX. 

The term “orientation” is used as equi- 
valent to “attitude” in its more inclu- 
sive sense of referring to both cathectic 
and cognitive tendencies. The phrase 
“simultaneous orientation” (hereinafter 
abbreviated to “co-orientation”) itself 
an assumption; namely, that 
A’s orientation toward B and toward x 
are interdependent. A-B-X is there- 
fore regarded as constituting a system, 
That is, certain definable relationships 
between A and B, between A and X, and 
between B and X are all viewed as in- 
terdependent. For some purposes the 
system may be regarded as a phe- 
nomenal one within the life space of A 
or B, for other purposes as an “objec- 
tive” system including all of the possible 
relationships as inferred from observa- 
tions of A’s and B’s behavior. It is pre- 
sumed that a given state of the system 
exists when a given instance of AtoBreX. 
occurs, and that as a result of this occur- 
rence the system undergoes some change 
(even though the change be regarded as 
only a reinforcement of the pre-existing 
state). 

The minimal components of the A-B- 
X system, as schematically illustrated 
in Fig. 1, are as follows: 


represents 


1. A’s orientation toward X, including 
both attitude toward X as an object to be 
approached or avoided (characterized by 
sign and intensity) and cognitive attributes 
(beliefs and cognitive structuring). 


trarily, symbolically, cent, or property) and 2. A’s orientations toward B, in exactly 
thing (or state, oF emulated organism to dis- the same sense. (For purposes of avoid- 
that enables, ates from others” (9, p. 41). ing confusing terms, we shall speak of posi- 
criminate this 303 


il 
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tive and negative attraction toward A or 
B as persons, and of favorable and unfa- 
vorable attitudes toward X.) 

3. B’s orientation toward X. 

4. B’s orientation toward A. 


In order to examine the possible rela- 
tionships of similarity and difference be- 
tween A and B, we shall make use of 
simple dichotomies in regard to these 
four relationships. That is, with respect 
to a given X at a given time, A and B 
will be regarded as cathectically alike 
(++ or ——) or different (+—or—+) 
in attitude and in attraction; and as 
cognitively alike or different. We shall 
also make use of simple dichotomies of 
degree—i.e., more alike, less alike. We 
shall refer to lateral similarities of A’s 
and B’s orientations to X as symmetri- 
cal relationships. 

This very simple system is designed 
to fit two-person communication, In 
the following discussion these additional 
limitations will be imposed, for sim- 
Plicity’s sake: (a) communicative acts 
will be treated as verbal ones, in face- 
to-face situations; (b) initiation of the 
communicative act is considered to be 
intentional (i.e., such acts are excluded 
as those which the actor assumes to be 
unobserved); (c) it is assumed that the 
“message” is received—ie., that the 
communicative act is attended to by an 
intended recipient, though not neces- 
sarily with any particular degree of ac- 
curacy; and (d) A and B are assumed 
to be group members, characterized by 
continued association. 

The assumption that co-orientation js 
essential to human life is based upon 


` xX 


A q B 
Frc. 1. Schematic illustration of the minimal 
A-B-X system 
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two considerations of complemen a 
nature. First, the orientation of any 
toward any B (assuming that they aa 
capable of verbal communication) k 
rarely, if ever, made in an environmen 3 
vacuum. Even in what seems the maz 
mally “pure” case of two lovers oblivious 
to all but each other, both singly es 
both jointly are dependent upon a cO 
mon environment; and their conte 
attachment is notoriously continpi 
upon the discovery or development Z 
common interests beyond themselv x 
It is not certain that even their MO: 
person-oriented communications (oe 
“I love you”) are devoid of envi 
mental reference. The more ae 
one person’s concern for another fie 
more sensitive he is likely to be to 
other’s orientations to objects in 
environment. A 
Second, the orientation of any i 
capable of verbal communication abo if 
almost any conceivable X is “a A 
ever, made in a social vacuum. per 
are few if any objects so private i 
one’s orientations toward them are UP 
influenced by others’ orientations. He 
is particularly true with regard to n 
has been termed “social reality” ( Ji 
ie., the less the possibility of tes 
ing one’s assumptions by observing ° 
physical consequences of those nigel 
tions, the greater the reliance ae 
social confirmation as the test of W. s 
is true and valid. And even when A 
sumptions can be put to the direct m 
(e.g., the child can find out for nime 
about the stove which he has been o 
is hot), social reality is often accepi 
as the quicker or the safer test. 4 
various linguists have pointed out, A 
over, a good deal of social reality is bui 7 
into the very language with which W 
communicate about things. Under the 
conditions of continued association 
which we are assuming, A and B as they 
communicate about X are dependent 


$ 


i” el 
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upon each other, not only because the 
other’s eyes and ears provide an addi- 
tional source of information about x 
but also because the other’s judgment 
provides a testing ground for social 
reality. And to be dependent upon the 
other, in so far as such dependence M- 
fluences behavior, is to be oriented to- 
ward him. 

In short, it is an almost constant hu- 
man necessity to orient oneself toward 
objects in the environment and also 
toward other persons oriented toward 
those same objects. To the degree that 
A’s orientation either toward X or to- 
ward B is contingent upon B’s orienta- 
tion toward X, A is motivated to 1m- 
fluence and/or to inform himself about 
B’s orientation toward X. . Communica- 
tion is the most common and usually the 
most effective means by which he does 
So. 


SYMMETRY OF ORIENTATION 
of this paper 
ships between 


A’s and B’s orientations towar X, 
within the postulated 
The implications of th 
that while at any given 
tem may be conceive 
rest,” it is characteri2 
sence but by the baleng 
b) that a change ionshi 
ainai of the four eee 
portrayed in Fig. 1) EA Fee shall also 
in any of the others- ‘inherent in 
make the assumption ra es impinging 
the model) that certain force ly strong 
upon the system s rela WEA die are 
and persistent, 27 ae et states of 
ieai toward preferre 
equilibrium. ed to the initial 
This assumP oe e rientation func- 
one concerning ation, is as follows. 
tion of commu, A’s orientation to- 
k + cent upon B’s orienta- 
5 Or n A will be 


ab- 
; and 
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facilitated by similarity of his own and 
B’s orientation toward X. The first ad- . 
vantage of symmetry—particularly of 
cognitive symmetry—is that of ready 
calculability of the other’s behavior; 
the more similar A’s and B’s cognitive 
orientations, the less the necessity for 
either of them to “translate” X in terms 
of the other’s orientations, the less the 
likelihood of failure or error in such 
“translations,” and thus the less difficult 
and/or the less erroneous the co-orien- 
tation of either. Second, there is the 
advantage of validation of one’s own 
orientation toward X; the more similar 
A’s and B’s orientations, either cognitive 
or cathectic (particularly in the many 
areas where validation is heavily de- 
pendent upon “social reality”), the more 
confident each of them can be of his 
own cognitive and evaluative orienta- 
tions. Co-orientation is of course possi- 
ble with little or no symmetry, but the 
facilitative value of symmetry for co- 
orientation is considerable. 

If these advantages are commonly ex- 
perienced as such, communicative acts 
resulting in increased symmetry are 
likely to be rewarded, and symmetry is 
likely to acquire secondary reward value. 
This is the basis of our assumption of a 
persistent “strain toward symmetry,” 
under the conditions noted. 

These assumptions may now be 
brought together in terms of the follow- 
ing inclusive postulate: The stronger the 
forces toward A’s co-orientation in re- 
spect to B and X, (a) the greater A’s 
strain toward symmetry with B in re- 
spect to X; and (b) the greater the 
likelihood of increased symmetry as a 
consequence of one or more communi- 
cative acts. The latter part of the pos- 
tulate assumes the possibility of modi- 
fied orientations toward X on the part 
of both A and B, who over a pef‘od of 
time exchange roles as transmitters and 
receivers of information. 
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Several testable propositions are de- 
rivable from this postulate. First, if the 
likelihood of instigation to and achieve- 
ment of symmetry varies ac a function 
of forces toward co-orientation, the lat- 
ter varies, presumably, with valence of 
the objects of co-orientation—i.e., of 
intensity of attitude toward X and of 
attraction toward B. That is, under 

conditions such that orientation toward 
either B or X also demands orientation 
toward the other, the greater the valence 
of B or of X the greater the induced 
force toward co-orientation, and thus 
the greater the likelihood of both in- 
stigation toward and achievement of 
symmetry. 

Such research findings as are known 
to the writer are in support of these 
Predictions. Experimental results re- 
ported by Festinger and Thibaut (5), 
by Schachter (12), and by Back (1) 
indicate that attempts to influence an- 
other toward one’s own point of view 
vary as a function of attraction. In the 
second of these studies it is shown 
that communications within a cohesive 
group are directed most frequently to- 
ward those perceived as deviates, up to 
a point where the deviate is sociome- 
trically rejected (ie., attraction de- 
creases or becomes negative), beyond 
which point communication to them be- 
comes less frequent. It is also shown in 
this study that frequency of influence- 
attempting communication varies with 
degree of interest in the topic of group 
discussion, 

Some of these same studies, and some 
others, present data concerning sym- 
metry as a consequence of communica- 
tion. Thus Festinger and Thibaut, 
varying “pressure toward uniformity” 
and “perception of homogeneous group 
composition,” found actual change to- 
ware uniformity following a discussion 
to be a function of both these variables, 
but some change toward uniformity took 
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place in every group, under all condi- 
tions. Back found that subjects who 
started with different interpretations of 
the same material and who were given 
an opportunity to discuss the matter 
were influenced by each other as a direct 
function of attraction. , 
Findings from two community studies 
may also þe cited, as consistent with 
these laboratory studies. Newcomb 
(10), in a replicated study of friendship 
choices as related to political attitudes 
in a small college community, found on 
both occasions that students at each ex- 
treme of the attitude continuum tended 
to have as friends those like themselves 
in attitude. Festinger, Schachter, an 
Back (4), in their study of a housing 
Project, found a correlation of -+.72 be- 
tween a measure of attraction and A 
measure of “conformity in attitude. 
No direct observations of communica- 
tion are made in these two studies; the 
relevance of their findings for the pres- 
ent point depends upon the assumption 
that frequency of communication is 4 
function of attraction. This assump- 
tion is clearly justified in these two pal- 
ticular investigations, since in both es 
munities there was complete freedom © 
association. As noted below, this as- 
sumption is not justified in all einer 
Other testable propositions derib 
from the general postulate have to i 
with A’s judgments of existing pe 
metry between himself and B with ba 
spect to X. Such judgments (to a 
the writer has for some time applied t : 
term “perceived consensus”) are ae 
sented by the symbol B-X, within A A 
phenomenal A-B-X system. Soei ‘ 
judgment, under given conditions of de 
mand for co-orientation with respect to 
a given B and a given X, is a major 
determinant of the likelihood of a given 
AtoBreX, since strain toward symmetry 
is influenced by perception of existing 
symmetry. Such a judgment, more- 
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over, is either confirmed or modified by 
whatever response B makes to AtoBreX. 
The continuity of an A-B-X system 
thus depends upon perceived consensus, 
which may be viewed either as an inde- 
pendent or as a dependent variable. 
According to the previous proposition, 
the likelihood of increased symmetry 
(objectively observed) as a consequence 
of communicative acts increases with at- 
traction and with intensity of attitude. 
The likelihood of perceived symmetry 
presumably increases with the same 
variables. Judgments of symmetry, like 
other judgments, are influenced both by 
“reality” and by “autistic” factors, both 
of which tend, as a function of attrac- 
tion and intensity of attitude, to in- 
crease the likelihood of perceived con- 
sensus. Frequency of communication 
with B about X is the most important 
of the “reality” factors, and this, as we 
have seen, tends to vary with valence 
toward B and toward X. As for the 
“autistic? factors, the greater the posi- 
tive attraction toward B and the more 
intense the attitude toward X, the 
greater the likelihood of cognitive dis- 
tortion toward symmetry- Hypotheti- 
cally, then, perceived symmetry with re- 
gard to X varies as 4 function of in- 
tensity of attitude toward X and of at- 
tracti ard B. 
A conaltceible number of research 
s ‘ ublished, are 
studies, published and unpu a a 
known to the writer in which subjects 
; elated to their esti- 
own attitudes are ' oina of 
mates of majority oF modal posit ; 
. s. nly a minority 0 
a KEER ally relate these 


the studies systematic t 
judgments to attraction and still fewer 


g s itude. Among this 
to intensity of att! eee 
minority, however, the writer knows of 
T to the above proposition. 
no excep g of the known findings 


t strikin| z 
Tae m ned from students in several 
Weri 


university classes in April of 1951, in a 


questionnaire dealing with the very re- 


cent dismissal of General MacArthur by 


e 


President Truman: ə 


o pro-Truman anti-Truman 


Sswho aoo Ssiwio:... 
attribute to “most 
of my closest 
friends” 
pro-Truman atti- 
tudes 48 2 
anti-Truman atti- 
tudes 0 34 
neither 4 4 
attribute to “most 
uninformed peo- 
ple” 
pro-Truman atti- e 
tudes 6 13 
anti-Truman atti- 
tudes 32 14 
neither 14 13 


If we assume that “closest friends” are 
more attractive to university students 
than “uninformed people,” these data 
provide support for the attraction hy- 
pothesis. Comparisons of those whose 
own attitudes are more and less intense 
also provide support, though less strik- 
ingly, for the hypothesis concerning at- 
titude intensity. 

Perceived symmetry, viewed as an in- 
dependent variable, is obviously a de- 
terminant of instigation to symmetry- 
directed communication. Festinger (3), 
with specific reference to groups char- 
acterized by “pressures toward uni- 
formity,” hypothesizes that “pressure 
on members to communicate to others 
in the group concerning item x increases 
monotonically with increase in the per- 
ceived discrepancy in opinion concern- 
ing item x among members of the 
group,” as well as with “relevance of 
item x to the functioning of the group,” 
and with “cohesiveness of the group.” 
And, with reference to the choice of re- 
cipient for communications, “The force 
to communicate about item x to a 
particular member of the group will 
increase as the discrepancy in opinion 
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between that member and tne commu- 
nicator increases [and] will decrease to 
the extent that he is perceived as not a 
member of the group or to the extent 
that he is not wanted as a member of 
the group” (3, p. 8). Support for all 
of these hypotheses is to be found in 
one or more of his and his associates’ 
Studies. They are consistent with the 
following proposition: the likelihood of 
a symmetry-directed AtoBreX varies as 
a multiple function of perceived dis- 
crepancy (i.e., inversely with perceived 
symmetry), with valence toward B and 
with valence toward X. 

Common sense and selected observa- 
tions from everyday behavior may also 
be adduced in support of these proposi- 
tions. For example, A observes that an 
attractive B differs with him on an im- 
portant issue and seeks symmetry by 
trying to persuade B to his own point of 
view; or A seeks to reassure himself 
that B does not disagree with him; or 
A gives information to B about X or 
asks B for information about X. From 
all these acts we may infer perception 
of asymmetry and direction of com- 
munication toward symmetry. Selected 
observations concerning symmetry as 
a consequence of communication are 
equally plentiful; there is, in fact, no 
social phenomenon which can be more 
commonly observed than the tendency 
for freely communicating persons to re- 
semble one another in orientation to- 
ward objects of common concern. The 
very nature of the communicative act 
as a transmission of information would, 
on a priori grounds alone, lead to the 
prediction of increased symmetry, since 
following the communication both A 
and B possess the information which 
was only A’s before. B will not neces- 
sarily accept or believe al] information 
transmitted by A, of Course, but the 
likelihood of his doing so presumably 
varies not only with attraction toward 
A but also with intensity of attitude 


toward X, since in the long run the more 
important X is to him the more likely 
it is that he will avoid communicating 
with B about X if he cannot believe him. 
Thus the propositions have a considera- 
ble degree of face validity. 

But everyday observation also pro- 
vides instances to the contrary. Not all 
communications are directed toward 
symmetry, nor is symmetry an inevita- 
ble consequence of communication, even 
when attraction is strong and attitudes 
are intense. A devoted husband may 
refrain from discussing important busi- 
ness matters with his wife, or two close 
friends may “agree to disagree” in 
silence about matters of importance x 
both. People who are attracted towar 
one another often continue to communi- 
cate about subjects on which they con- 
tinue to disagree—and this is particu- 
larly apt to happen with regard to 
attitudes which are intense, contrary tO 
our theoretical prediction. 

In sum, the available research find- 
ings and a considerable body of every- 
day observation support our predictions 
that instigation toward, perception of, 
and actual achievement of symmetry 
vary with intensity of attitude toward x 
and attraction toward B. The readi- 
ness with which exceptions can be ad- 
duced, however, indicates that these are 
not the only variables involved. The 
Propositions, at best, rest upon the as- 
sumption of ceteris paribus; they can- 
not account for the fact that the prob- 
abilities of A’s instigation to canman 
cate about a given X are not the sam 
for all potential B’s of equal attraction 
for him, nor the fact that his instiga- 
tion to communicate to a given B are 
not the same for all X’s of equal valence 
to him. We shall therefore attempt tO 
derive certain further propositions from 
our basic assumption that both instiga- 
tion to and achievement of symmetry 
vary with strength of forces toward C0- 
orientation in the given situation. 
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Dynamics or CO-ORIENTATION 


The foregoing propositions repre- 
sent only a slight extrapolation of 
Heider’s general principle (6) of “bal- 
anced states” in the absence of which 
“unit relations will be changed through 
action or through cognitive reorganiza- 
tion.” In a later paper devoted spes 
cifically to the implications of Heider’s 
hypotheses for interrelationships among 
attitudes toward a person and toward 
his acts, Horowitz e¢ al. (8) note the 
following possible resolutions to stite 
of imbalance: (a) the sign-valence aE 
the act is changed to agree with that of 
the actor; (b) the reverse of this; an 
(c) the act is cognitively divorced eo 
the actor; in addition, of Va e 
disharmony may be tolerated. 
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theory, by» the situational demands of 
co-orientation on the one hand and by - 
the psychological strain toward sym- 
metry on the other. But symmetry is 
only a facilitating condition for co- 
orientation, not a necessary one. While 
(as maintained in the preceding propo- 
sitions) the probabilities of symmetry 
vary, ceteris paribus, with demand for 
co-orientation, the theory does not de- 
mand that a symmetry-directed Ato- 
BreX occur in every instance of strong 
demand for co-orientation. On the con- 
trary, the theory demands that it occur 
only if, as, and when co-orientation is 
facilitated thereby. We must therefore 
inquire more closely into the nature of 
the forces toward co-orientation as re- 
lated to possible forces against sym- 
vous kind of situational variable has 
to do with the nature of the forces 
which result in association between A 
and B. Of particular importance are 
constrained (enforced) vs. voluntary as- 
sociation, and association based upon 
broad as contrasted with narrow com- 
mon interests. The range of X’s with 
regard to which there is demand for co- 
orientation is presumably influenced by 
such forces. The relevant generaliza- 
tion seems to be as follows: The less 
the attraction between A and B, the 
more nearly strain toward symmetry is 
limited to those particular X’s co-orien- 
tation toward which is required by the 
conditions of association. This would’ 
mean, for example, that as attraction 
between two spouses decreases, strain 
toward symmetry would increasingly 
narrow to such X’s as are required by 
personal comfort and conformity with 
external propriety; similarly, the range 
of X’s with regard to which there is 
strain toward.symmetry is greater for 
two friendly than for two hostile mem- 
bers of a chess club. 3 

The problem of constraint has al- 
ready been noted. In some of the stud- 
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ies cited above it was assumed that fre- 
quency of communication varies with 
attraction, but this is not necessarily 
true under conditions of forced associa- 
tion. Two recent theoretical treatises 
deal with this problem. 

Homans, one of whose group variables 
is “frequency of interaction” (though 
not communication, specifically), in- 
cludes the following among his other 
Propositions: “If the frequency of in- 
teraction between two or more persons 
increases, the degree of their liking for 
one another will increase, and vice 
versa”; and “The more frequently per- 
sons interact with one another, the more 
alike in some respects both their activi- 
ties and their sentiments tend to be- 
come” (7,p.120). (The latter proposi- 
tion, which closely resembles the one 
here under consideration, apparently 
takes a much less important place in 
Homans’ system than the former.) Al- 
most immediately, however, the latter 
Proposition is qualified by the state- 
ment, “It is only when people interact 
as social equals and their jobs are not 
sharply differentiated that our hy- 
pothesis comes fully into its own.” Tn 
nearly every chapter, moreover, Ho- 
mans (whose propositions are drawn 
post hoc from various community, in- 
dustrial, and ethnological studies) points 
to the limitations which are imposed by 
constraining forces—particularly those 
of rank and hierarchy—upon the rela- 
tions among attraction, similarity of at- 
titude, and communication, 

Blake manages to incorporate these 
considerations in a more rigorous propo- 
sition. Noting that hostility cannot þe 
considered as the simple Psychological 
opposite of positive attraction, he pro- 
poses to substitute a curvilinear for Ho- 
mans’ linear hypothesis: “, when pres- 
sures operate to keep members of a 
group’ together, the stresses that drive 
toward interaction will be stronger in 
both positive and negative feeling states 


than in neutral ones” (2). This propo- 
sition seems consistent with the present 
argument to the effect that demands for 
co-orientation are likely to vary with 
the nature and degree of constraints 
upon association; hence communicative 
acts, together with their consequences, 
will also vary with such constraints. 

Another situational variable deals 
with the fact that, under conditions of 
prescribed role differentiation, symmetry 
may take the form of “complementarity 
(cf. 11) rather than sameness. For ex- 
ample, both a man and his small son 
may (following a certain amount of 
communication of a certain nature) sub- 
scribe to the same norms which prescribe 
differentiated behavior for man and boy 
with respect to a whiskey and soda. If 
the father drinks in the son’s presence, 
there are demands upon both of them 
for co-orientation; but there is strain 
toward symmetry only with respect to 
“the code,” and not with respect to per- 
sonal orientation toward the whiskey 
and soda. The code becomes the X 
with regard to which there is strain to- 
ward symmetry. In more general terms, 
under conditions of differentiation of 
As and B’s role prescriptions with re- 
gard to X, the greater the demand for 
co-orientation the greater the likelihood 
of strain toward symmetry with respect 
to the role system (rather than with re- 
spect to X itself). 

A third situational variable has to do 
with the possibility that symmetry may 
be threatening. Particularly under cir- 
cumstances of shame, guilt, or fear of 
punishment there are apt to be strong 
forces against a symmetry-directed Ato- 
BreX, even though—in fact, especially 
when—attitude toward X (the guilty 
act) and attraction toward B (a per- 
son from whom it is to be concealed) are 
strong. Under these conditions it is the 
demand for co-orientation which creates 
the problem; if A could utterly divorce 
X (his own act) from B, he would not 
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feel guilty. Forces toward symmetry, 
however, are opposed by counterforces. 
Demand for co-orientation induces strain 
toward symmetry, but does not neces- 
sarily lead to a symmetry-directed Ato- 
BreX. 

A theoretically analogous situation 
may result from the omnipresent fact of 
multiple membership groups. That 1, 
strains toward symmetry with B, in re- 
gard to X may be outweighed by 
strains toward symmetry with B., whose 
orientations toward X are viewed as 
contradictory with those of B,- This is 
often the case when, for example, two 
good friends “agree to disagree” about 
Something of importance to both. Thus 
in one study (14) it was found that 
those members least influenced by re- 
ported information concerning their own 
group norms were those most attracted 
to groups whose norms were perceived 
as highly divergent from those of the 
group in question. 

Communicative acts, like others, are 
thus subject to inhibition. Such reso- 
lutions” as “agreement tO diera 
however, represent relatively ae 
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to he expected) da AT Aan Eason 
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The dynamics of such a system are 
by no means limited to those of strains 
toward symmetry, but must include 
changes resulting from acceptance of ex- 
isting asymmetry. The possible range 
of dynamic changes is illustrated in Fig. 
2. (In this figure, the A and B at either 
side represent persons as communica- 
tors; the A and B in the center repre- 
sent the same persons as objects of co- 
orientation. The broken lines repre- 
sent A’s judgments of B’s orientations.) 
Given perceived asymmetry with regard 
to X, and demand for co-orientation to- 
ward B and X, the possibilities for A 


are such that he can: 


1. achieve, or attempt to achieve, sym- 
metry with regard to X 
a. by influencing B toward own ori- 
entation, 
b. by changing own orientation to- 
ward B’s, 
c. by cognitively distorting B’s ori- 
entation; 
2. introduce changes in other parts of 
the system 
a. modify his attraction toward B, 
b. modify his judgment of own at- 
traction for B, 
c. modify evaluation of (attraction 
toward) himself (A), 
d. modify his judgment of B’s evalua- 
tion of himself (B); 
3. tolerate the asymmetry, without change. 


As suggested by this listing of possi- 
ble “solutions,” the perception of asym- 
metry, under conditions of demand for 
co-orientation, confronts A with a prob- 
lem which he can attempt to solve be- 
haviorally (i.e., by communicative acts) 
and/or cognitively (ie., by changing 
either his own orientations or his per- 
ception of B’s orientations). Whatever 
his chosen “solution,” it has some effect 
upon A’s phenomenal A-B-X system— 
either to reinforce it or to modify it. 
As a result of repeatedly facing and 
‘solving” problems of co-orientation 
with regard to a given B and a giver X, 
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a relatively stable equilibriuin is estab- 
lished. If A is free either to continue or 
not to continue his association with B, 
one or the other of two eventual out- 
comes is likely: (a) he achieves an 
equilibrium characterized by relatively 
great attraction toward B and by rela- 
tively high perceived symmetry, and the 
association is continued; or (b) he 
achieves an equilibrium characterized by 
relatively little attraction toward B and 
by relatively low perceived symmetry, 
and the association is discontinued. 
This “either-or” assumption under con- 
ditions of low constraint presupposes a 
circular relationship between attraction 
and the perception of symmetry. The 
present theory demands this assumption 
of circularity, and empirical evidence 
(under conditions of relative freedom 
from constraint) seems to support it. 
Under conditions of little or no free- 
dom to discontinue association, no such 
circularity is assumed. The conditions 
which dictate continued association also 
dictate the requirements for co-orienta- 
tion, which are independent of attrac- 
tion. The empirical data suggest that 
the degree to which attraction is inde- 
pendent of symmetry varies with the 
degree of perceived (rather than the de- 
gree of objectively observed) constraint, 


Group PROPERTIES 


It follows from the Preceding assump- 
tions and propositions that there should 
be predictable relationships between 
certain properties of any group and 
variables having to do with communi- 
cative behavior within that group. A 
group’s structural Properties, 
ample, viewed as independent vy 
may create problems and may 
solutions to other problems of commu- 
nication. Viewed the other way around, 
many properties of a group are out- 
comes of its communicative Practices. 
Evidence from many sources points to 
distinctive properties of groups which 


for ex- 
ariables, 
provide 


are precisely those which the foregoing 
considerations would lead us to expect; 
either as conditions for or as conse- 
quences of a given kind and frequency 
of communicative acts. F 

Three kinds of properties are briefly 
noted. Each of them is hypothetically 
related (either as dependent or as E 
pendent variable) to the probabilities © 
the occurrence of a given kind of com- 
municative act. 

1. Homogeneity of orientation toward 
certain objects. All descriptive accounts 
of interacting groups note this proper 
in one way or another and by one labe 
or another. As applied to behavior, it 
does not necessarily refer to similarity 
of action on the part of all group mem- 
bers, but only of demand or expecta- 
tion; e.g., all expect each to take his 
own differentiated role. In order to ac- 
count for the observed facts it is neces- 
sary to make the assumptions (not 
Previously made in this paper) that in- 
formation may be transmitted in non- 
verbal ways, and with or without inten- 
tion to do so—e.g., a person’s behavior 
with regard to a given object informs 
observers about his orientation to it. 

If communication is thus broadly de- 
fined, then the degrees of homogeneity 
of orientation of a given group with re- 
spect to specified objects are presuma- 
bly related to communication variables 
with respect to those objects. It is not 
hypothesized that homogeneity is an 1m- 
variable function of any single index 
of communication (frequency, for ce 
ample), but rather that it varies us 
accordance with the dynamics of A-B-X 
systems. While there are often extra- 
group determinants of homogeneity of 
orientation, it seems reasonable to view 
this very important group property as 
an outcome of the conditions and con- 
sequences of communicative acts. 

2. Homogeneity of perceived consen- 
sus (i.e., homogeneity of judgments 
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of homogeneity of orientation). This 
property, though not often specifically 
mentioned in the literature on groups, 
is usually implicitly assumed. Most 
communication presupposes a consid- 
erable degree of perceived as well as 
objective homogeneity of orientation. 
The very fact of using language or ges- 
ture presupposes the assumption of con- 
sensus among communicants as to the 
information transmitted by the use of 
symbols. 

Homogeneity of orient 
perceived consensus do no’ 
implicit assumptions to the contrary, 
have an invariant relationship; judg- 
ments of homogeneity may be of any 
degree of accuracy. If, as jn the village 
reported by Schanck (13), each of ot 
dissenters from a supposed norm €- 


lieves himself the only dissenter, this 
rance is an 1M- 


and is plausibly 
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These are not, of course, the only 
group properties of significance, nor are 
these properties outcomes exclusively 
of intragroup communication. (Some 
properties of almost any group, par- 
ticularly at early stages of its history, 
derive largely from individual char- 
acteristics which its members bring to 
it.) It appears to be the case, never- 
theless, that the hypothetical conditions 
and consequences of communicative acts 
are not limited to groups of two, and 
that some of the important properties of 
observed groups are consistent with the 
hypothetical dynamics of A-B-X sys- 
tems. 

SUMMARY 

Communicative acts, like other molar 
behaviors, may be viewed as outcomes 
of changes in organism-environment re- 
lationships, actual and/or anticipated. 
Communicative acts are distinctive in 
that they may be aroused by and may 
result in changes anywhere within the 
system of relations between two or more 
communicators and the objects of their 
communication. It seems likely that the 
dynamics of such a system are such that 
from an adequate understanding of its 
properties at a given moment there can 
be predicted both the likelihood of oc- 
currence of a given act of communica- 
tion and the nature of changes in those 
properties which will result from that 
act. 

Some of the most significant of group 
properties are those which, hypotheti- 
cally, vary with intragroup communica- 
tive acts. It should therefore be re- 
warding to discover whether support 
for the present hypotheses, as appar- 
ently provided by the scattered evi- 
dence now available, can be confirmed 
in more systematic ways. If so, there 
are promising possibilities of investigat- 
ing the phenomena of social interaction 
by viewing them as events within com- 
munication systems. 
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ON SOME CORRUPTIONS OF THE DOCTRINE OF HOMEOSTASIS 


J. R. MAZE 
University of Sydney 


Cannon’s doctrine of homeostasis (2) 
simply asserts that many enduring and 
apparently static physiological states 
are in fact the product of a constant op- 
position of forces—an interchange of 
substances, a constant adding-to an 
taking-away—and that with some of 
these, when there is a departure from 
the balance then that departure sets m 
motion processes which (under speci- 
fiable conditions) restore the balance. 
(Although the action of many of these 
physiological mechanisms was first n 
dicated by Cannon, the discovery 0 
similar “constant inconstancies had 
been made many times before, ¢5+ by 
Heraclitus, who contended that ang 
thing at all was made up of such steady 
states of flux.) 


But in many recent treatments of 


homeostasis all that is retained a 
the steadiness, the tendency ig 
tion. The constituent opposing 
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must consider what is present in, as well 
as absent from, the place we are talking 
about, what structures and processes are 
there to act on each other and so pro- 
duce the effect being investigated. Just 
the same point can be made about doc- 
trines which use the principle of “clo- 
sure” to explain the emergence of cer- 
tain perceptions, or motor actions, or 
neural patterns. 

Many instances of these opposing 
processes and their attendant mecha- 
nisms are discussed by Cannon. To 
take only one example, one relatively 
constant physiological state is the con- 
centration of carbon dioxide in the blood 
stream. Carbon dioxide is continually 
being produced, primarily by the com- 
pustion of lactic acid in the working 
muscles, and continually passing out of 
the blood through the lungs. When, 
for any of a number of reasons, one of 
them—the production, say—outstrips 
the other, so that the concentration of 
carbon dioxide rises, this increase has 
among its many effects that of exciting 
certain nerve endings in the carotid 
sinus which produce direct, reflex stimu- 
lation of the musculature to produce 
more vigorous breathing, by which the 
rate of excretion of carbon dioxide in 
the lungs is increased, so that, under 
specifiable conditions, the carbon di- 
oxide concentration falls. It is mislead- 
ing (although perhaps in fact correct) 
to say, as is often done, that it falls until 
it passes back below the “danger point,” 
whereupon the respiration returns to 
normal. What happens, of course, is 
that it falls below the threshold at which 
those nerve endings are excited, so that 
the extra impulses are no longer de- 
livered to the respiratory muscles, which 
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naturally then return to their former 
level of work. 

Now, to give such a balancing the 
name “homeostasis” seems unobjection- 
able, but the mere existence of the word 
provides another opportunity for us to 
give up the tiresome search for those 
mechanisms which actually produce the 
effect in question, the constancy, and 
simply to attribute its production to the 
activity of a vaguely conceived and 
therefore very accommodating force 
named “homeostasis.” Nobody would, 
of course, perpetrate this fallacy in 
such a crass fashion; it is hard to con- 
vict people of it because its very crudity 
leads them unconsciously to shy away 
from it and disguise it in ambiguous 
phrases. Yet as Lashley (5) pointed 
out, theories of motivation are riddled 
with such occult powers. 

Even Fletcher (4), who professedly 
wants to exhibit homeostasis as an ex- 
planatory principle, says nothing which 
is unequivocally open to this objection, 
although one might contend that if he is 
not speaking of homeostasis as a force 
which produces constancies, then he is 
really not saying much at all. For ex- 
ample, concerning the retinal changes 
in color vision, as sketched by the Her- 
ing theory, he says, “We, of course, do 
not know much about the original or- 
ganic status, nor precisely how it is 
disturbed, nor yet concerning the proc- 
ess of recuperation. Yet we cannot but 
assume the existence of such a status, 
the disturbance of the status, and a 
process which brings about its restora- 
tion” (4, p. 84). Since he offers this 
as an example of the use that “can be 
made of the principle of homeostasis in 
dealing with some well-known, but as 
yet not well-explained mental phe- 
nomena,” it would appear that the 
“process” which restores the status is 
just Limeostasis itself. But of course 
homeostasis is simply the fact of restora- 
tion, the word is only another name for 


the restoring, and so it cannot be ape 
pealed to as something which explains 
that restoration. 

This point appears again when 
Fletcher refers to the J. J. B. Morgan 
experiments on the effect of distraction. 
“The now familiar fact that such dis- 
tractions do not always decrease, but 
may even increase performance is taken 
to indicate a tendency to maintain a 
certain work level” (4, p. 85). Now, 
the fact that the subject tends to main- 
tain a certain work level is not what is 
indicated but just what is observed— 
that is, that he usually does maintain 
it. This alleged explanation then merely 
restates the fact to be explained. 

Homeostasis, then, is to be seen not 
as the cause of “steady states,” but as 
the steadiness itself, as the effect of vari- 
ous specific qualitative processes 10 the 
organism. Nor can references just tO 
the activity of “the organism” replace 
the discovery of those specific proces, 
or mechanisms. A proper discussion © 
this issue is beyond the scope of this 
essay, but at least one can contend that 
the opposition between the organismic 
(or holistic or Gestalt) view and the 
atomistic view is not, as Wheeler (10) 
claims, exhaustive of the possibile 
We are not required to see either fe 
whole as primary and prior to the pir, 
or the parts as primary and prior to 5 
whole. The solution is that both whole 
and parts must be recognized as hayme 
distinct, even if not separable, existe aan 
The organistnic approach is of cour f 
not to be discarded completely; in ie 7 
we must recognize that there are wie t 
having their own characteristics. di 
an extreme organismic view, hol He 
that no statement which treats 
parts as distinct from each other ae 
from the whole can be quite true, * 
faced with the problem of showing how 
there can be said to be a whole of parts 
(in the plural) at all. If the parts are 
not distinct from each other and from 
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the whole then they are identical with 
it, that is, it cannot actually be said to 
have parts, that is, it is indistinguish- 
able from an atom, and Wheeler’s dis- 
juncts are not only not exhaustive but 
not even exclusive. 

Statements, then, such as S 
that “when a given tissue constancy is 
first disturbed, the organism mobilizes 
energy for action which ceases when the 
equilibrium is restored” (7, P- 5)» can 
be quite misleading, even though they 
may be intended only as preliminary 
and liable to further elaboration. This 
elaboration, if it is ever offered, must 
show that it is not that the organism 
mobilizes energy for action, but only 
that certain parts of it are caused to 
act in specific ways, either by circum- 
stances external to the organism Or by 
the action on them of other parts of it. 
There is a special case in which this 
objection seems not to apply— namely, 
when we are speaking of psychological 
actions involving intentions and using 
knowledge gained in past experience. 
But the notion that establishing homeo- 
stasis is something that “the organin. 
does is carried over into the fani A 
physiology, and although onre e A 
may itself seem unobjectiona he sug- 
trifle vague, it readily leads to the sug 
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animals fər preserving uniform and 
stable their internal economy” (2,, P- 
24); and in Dempsey’s «|. in order 
to free themselves from their marine 
habitat, they had to devise mechanisms 
for maintaining the fluid concentrations 
of the body” (3, p. 230). Again, when 
Fletcher, speaking of the capacity of 
the physical organism “to combat in- 
vading foreign bodies and pathogenic 
organisms,” says that “the adaptability 
of this capacity to deal with novel con- 
ditions is suggestive of a form of in- 
telligence” (4, p. 80), he is thinking 
of the physiological events as means 
adopted for a certain end, rather than 
as events whose effects happen to have 
survival value for the organism in ques- 
tion, that is, as long as it happens to 
remain within a certain kind of en- 
vironment. 

How would we deal, on this view, 
with the evidence Fletcher refers to 
that “the introduction of foreign sub- 
stances into the blood stream of certain 
animals provoked the formation of anti- 
bodies specifically qualified to destroy 
these substances, even though, pre- 
sumably, the animals had never been 
exposed to such substances in the course 
of their evolution” (4, p. 81)? One 
point would be that this absence of 
previous exposure is quite irrelevant; 
what is relevant is whether they previ- 
ously possessed any, no matter how few 
of the organisms which are now called 
antibodies. Another important point is 
that this capacity to form antibodies 
is highly selective for different foreign 
substances; otherwise, we could not un- 
derstand how’ these animals could ever 
be poisoned, or die of a contagious dis- 
ease. What determines this difference 
that some foreign substances are de- 
stroyed and others not? In the former 
case there must already be present in 
the animal something, presumabiy some 
kind of organism, for whose propaga- 
tion the presence of the foreign sub- 
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stance provides favorable conditions— 
and how often do we find that “pro- 
viding favorable conditions” means 
being consumed by, that is literally 
being řood for, the thing in question? 
There is nothing surprising in the pres- 
ence of a certain crop or species of game 
resulting in the increase, in that area, 
of the human race—organisms “spe- 
cifically qualified” to destroy that crop 
or game. 

There is nothing in homeostasis which 
requires a special kind of organic cau- 
sality, nothing which cannot be rendered 
in statements of antecedent conditions 
and consequent effects, nothing, in fact, 
peculiar to organisms at all. The ther- 
mostat is often used as a physical 
analogy. An even more primitive but 
most effective homeostatic mechanism 
is the outrigger of a canoe. As the 
canoe begins to tip over to one side, 
because of the action of the waves, for 
example, the float of the outrigger be- 
gins to rise in the water, its weight in- 
creases, and this swings the canoe back. 
If it goes too far, the float is pressed 
down into the water, the upward pres- 
sure on it is increased, and again there 
is a return toward the even keel. These 
mechanisms, of course, happen to be 
arranged by men, but no foreseeing of 
ends is necessary for homeostasis; any 
floating log with a projecting branch 
exhibits just the same behavior as that 
indicated in the canoe with its out- 
rigger. 

One point arising in each of these 
examples makes it plain that homeo- 
stasis is not just one process, and so 
that it cannot be dismissed just with a 
reference to “the organism.” That is, 
there are always at least two mecha- 
nisms, two causal sequences, involved: 
if two forces A and B are Opposing each 
other in a homeostatic situation, then 
one mechanism or process will be 
brought into play when A outstrips B 
and a different (although often inti- 


mately related) one when B outstrips 
A. These may be processes internal 
to A or B rather than something Op- 
posing them externally; e.g., it might 
simply be that A can only stretch out, 
as it were, to a certain extent and then 
becomes exhausted—a principle which 
seems to be clearly enough recognized 
in warfare, supposing A now to be an 
advancing army. This internality may 
give the impression that homeostasis 1$ 
a force in itself, that there is something 
illogical about the departure from bal- 
ance, but actually we can only under- 
stand this internal necessity by realizing 
that A (whatever it may be) is articu- 
lated, has distinct parts, and that the 
“internal necessity” is an external action 
of those parts on one another. In this 
instance we might have to take notice, 
e.g., of a lack of coordination between 
the general staff dictating the speed of 
advance and the supply corps trying to 
keep up the materials consumed by that 
advance. 

Now, a further important point, and 
one which in my opinion renders otiose 
many “uses” of the principle of homeo- 
Stasis, is that what is restored is not just 
“equilibrium,” as in the phrase I quoted 
from Stagner, but some specific amount 
or concentration or intensity of a par- 
ticular property. That is, what we 
have to recognize is not just equilibrium 
or constancy, but kind. Thus the out- 
tigger keeps the canoe not just steady 
but right-side-up; the thermostat main- 
tains not just any steady temperature 
but one within a specified range. If it 
were possible for the many relevant 
mechanisms to stabilize the pH of the 
blood at a point outside the range 6.8 
to 7.8, then death would speedily ensue- 
Plainly in this case, if we were inter- 
ested in the organism’s future, it would 
be of crucial importance to know not 
merely that the pH was constant, but at 
what point it was constant. 

Stagner, in the article in question 
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(7), and in his recent text with Kar- 
woski (8), seems to have become the 
chief exponent of homeostasis as a 
foundation for psychological theorizing, 
and, I would contend, the leader in con- 
centrating on constancy and neglecting 
to observe what the constant states are. 
In proposing homeostasis not as an ex- 
planatory principle, but just as & unify- 
ing concept,” he adopts the position 
that all goal-directed behavior orisi- 
nates in the endeavor to maintain tissue 
constancies. After some experience a 
organism anticipates disturbance, an 
“perceives environmental objects as p0- 
tential sources of equilibrium-restora- 
tion” (7, p. 5). One of the ma 
activities directed towards this end i 
the adoption of perceptual constance să 
“Objects, as stimuli affecting the ba 
tance receptors, are protean in Sdi 
shape, and color. Under such c =i 
tions adjustment is most difficu Be 
Organism therefore learns to Eat aei 
identical objects as possessi®g thes 
stant attributes” (7, p- 7)- sarcit 
Concerning the size, shapi; g ~ adopt 
constancies, it seems plain (i e 
a realist position) that phar cel 
ganism is developing its abili n aos 
nize, under varying conditions, P r 
ties which the object aci Te 
possess throughout the Da 
tion, despite what naively 4 
changes in them. (S) 
that unless the organis™ 


ize 
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ibility 
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continuaily change their shape, size, and 
color. Where would it get any otber 
esis? 
eS tea Stagner contends that 
the demand for perceptual constancies is 
transferred to the perception of people, 
he apparently means not only that their 
constant features are perceived as being 
constant, but that features which they 
actually possess only intermittently are 
also to be perceived as being constant. 
Thus he says: “If I observe Mr. Smith 
behaving in a weak, futile, ineffectual 
manner today, I shall be predisposed to 
observe those same characteristics in his 
actions tomorrow (the so-called ‘halo’ 
effect). This phenomenon is likewise 
adaptive and homeostatic in character. 
. Since the constancy hypothesis 
proves useful in dealing with inanimate 
objects, it tends to be transferred to 
dealing with people” (7, p. 8). : 
Note that the perception of objects 
as having constant shapes, sizes, and 
colors has now become the adoption of 
an all-inclusive “constancy hypothesis,” 
referring to all their properties whatever. 
This is one of the many ways in which 
Stagner ignores the content of con- 
stancy. As far as those original object 
constancies are concerned, it is not hav- 
ing a constant perception but a correct 
one that is important, but Stagner is 
intent on constancy whether or no. 
This “constancy hypothesis” then is 
held to be useful in dealing with people. 
Thus, he says: “. . . successful adapta- 
tion of the child to demands of his 
parents is unquestionably facilitated if 
he behaves on a constancy hypothesis 
with respect to them. When reality 
constantly frustrates this tendency (very 
inconsistent real behavior by a parent), 
maladjustment seems invariably to re- 
sult” (7, p. 8). That is, in contradic- 
tion to his preceding sentence, the “con- 
stancy hypothesis” would not facilitate 
adaptation. Of course, the point is that 
Stagner fails to distinguish between in- 
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consistency and variability. -Once we 
see that there is no inconsistency in the 
sense of illogicality, we realize that the 
parent’s behavior, no matter Fow much 
it may change from day to day, always 
exhibits regularities. Reality, then, can- 
not frustrate the tendency to “percep- 
tual constancy” in the sense that it 
could make the discovery of regulari- 
ties—whether these be the possession 
of permanent predicates or the lawful 
recurrence of intermittent ones—in- 
trinsically impossible. Of course, the 
parent’s behavior may sometimes vary 
in a way which the child is not yet able 
to understand, but I suggest that it is 
not such failure to understand that 
leads to “maladjustment.” The psy- 
choanalytic view that such variability 
really arises from ambivalent feelings 
towards the child, and that it is the 
child’s recognition of the underlying 
hostility which leads to “maladjust- 
ment” or anxiety, seems to me to be 
much more plausible and fruitful. Be 
that as it may, the question is always 
not whether something is constant, but 
what feature it is that it constantly ex- 
hibits. 

Stagner does appear to recognize the 
qualitative content of constancy when 
he speaks of “constancies,” i.e., in the 
plural: “. . . the organism is constantly 
faced with the necessity for maintain- 
ing a variety of constant states” (7, p. 
10). But one might ask here why 
bother to use the term “constant” at 
all? Any state is constant for the time 
it endures, and if “constant” is here sup- 
posed to mean anything more than that, 
if the states really were “constant,” then 
there would be no need for “the organ- 
ism” to maintain them at all. However, 
the plurality and the qualitative nature 
of these constancies soon disappear 
when Stagner finds a common denomi- 
nator for them, a general equilibrium. 
“The facts indicate,” he says (7, p. 11), 
“that the epithet ‘coward’ may be more 
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disturbing to equilibrium than the physi- 
cal danger of facing a wild animal.” 
But what are the forces that are in 
equilibrium? What is the resultant con- 
dition of their equilibration? One must 
recognize an inexhaustible (and irre- 
ducible) variety of equilibria in any 
organism, and while one might con- 
ceivably compare the magnitude of a 
disturbance in one with that of a dis- 
turbance in another, still these disturb- 
ances are distinct from one another; 
they are disturbances of qualitatively 
diverse states, and qualitatively diverse 
conditions result from them. : 
The plurality of opposing forces 1m 
the organism is finally obscured, para- 
doxically enough, when Stagner comes 
to deal with the question of choice. He 
says that this need for maintaining 4 
variety of constant states faces the or- 
ganism with “the task of determining 
priorities. . . . It should be clear . - - 
that the organism in some way evolves 
standards of value, in terms of which 
choice is made as to the particular con- 
stancy which gets priority” (7, p. 11)- 
Admittedly, it is especially easy tO 
evade searching for the mechanisms 1n- 
volved when we are examining psycho- 
logical or mental homeostasis, since oUt 
knowledge of even the most general na- 
ture of mental structures is negligible. 
Some system of tensions, however, 
seems to be the general structure of 
mind, where the tensions are of a variety 
of kinds, or better, where there is @ 
variety of structures, each becoming 
tense. There may be outlets (activ 
ties) which release in varying degrees 
the tension of more than one structure, 
and any one body of tension will have @ 
variety of outlets, so that when one ote 
blocked, e.g., by “conscience,” then 
tension rises until it flows through an- 
other (or perhaps by accumulation bi 
comes strong enough to burst throug 
the first barrier). But the point is that, 
because of their qualitative diversity, 
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the releasing of a tension is not a dimi- 
nution of some undifferentiated body of 
energy of which all activities are a 
manifestation, but is always the releas- 
ing of one specific tension, leaving others 
quite untouched. 

Now, what makes them a “system” is 
that, usually because of social pressures, 
the releasing of one tension can throw 
up obstructions which prevent the re- 
lease of another. The intricacy of any 
given moral code is an indication of the 
intricacy of the web of contingencies 
that can grow up between various im- 
pulses. (The word “impulse” is used 
to indicate a structure having tension. 
Even though a structure may never be 
devoid of tension, still those two fea- 
tures of an “impulse” are distinguish- 
able.) When we say we are in a state 
of indecision (as Stagner puts it, the 
organism is faced with the task of de- 
termining priorities”), what is really 
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single executive, since precisely the same 
problem breaks out afresh when we ask 
why that executive went one way rather 
than the other. Once again, in explain- 
ing activity we have to look for the ac- 
tion of the parts of the active thing on 
one another, and in general we might 
say that anything which can throw its 
weight into and alter the course of a 
conflict of impulses thereby becomes 
simply another coordinate impulse. 

Of these, Stagner actually recognizes 
only the physiological processes, the 
“tendency to tissue constancy.” Where 
the person seems to have a conflict be- 
tween psychological and physiological 
impulses he is really just making a kind 
of mistake. Thus, in dealing with “the 
artist who starves in a garret to express 
his ideas, the martyr who prefers physi- 
cal pain to an abandonment of his be- 
liefs,” Stagner suggests that this depends 
on “the evolution of a new perceptual 
object, the self or ego, and the estab- 
lishment of a perceptual constancy with 
regard to it.... The tendency towards 
perceptual constancy will operate to 
hold constant the self-image” (7, p. 12). 
But what we really want to know is 
what holds constant the self, why does 
the artist go on being an artist? Stag- 
ner’s theory can at most only tell us 
why the artist goes on thinking of him- 
self as an artist, i.e., because the tend- 
ency to perceptual constancy, which in 
the first place was only a means to the 
goal of tissue constancy, has gained 
some sort of autonomy, has gone astray, 
and no longer contributes to that origi- 
nal goal. This intellectualism, in which 
the having of a certain notion of one- 
self is taken as sufficient to lead one to- 
ward being that sort of person, crops up 
again and again throughout the article. 
Stagner does say later that the self- 
image becomes so influential because the 
maintenance of a given ego status is 
important for “the maintenance of all 
needed equilibria,” and so the self-image 
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is somehow “reinforced by”, different 
“inner tensions.” But if this is so, then 
any tendency to perceptual constancy 
as such is quite superfluous; the specific 
tensions. are sufficient. Furthermore, 
what is this ego of which there is an 
image, and what has the image? The 
ego is simply that system of “inner ten- 
sions” themselves, and the clinging to 
a self-image is simply these various ten- 
sions being aware of each other as allies 
or as opponents. One never has an 
image of oneself as a totality, which one 
then seeks to attain or maintain. It is 
always that certain specific features are 
approved, and others disapproved. And 
the question arises again, what approves 
and disapproves? Not “the ghost,” not 
some transcendent ego, but merely vari- 
ous component impulses struggling for 
outlet, and both expressing and further- 
ing that struggle with these feelings of 
approval and condemnation. 

The play of impulses in the mind 
might well be likened to the struggle of 
political parties, religious institutions, 
industrial factions, and the like in a 
society—a field in which the guiding 
hand of homeostasis has also been dis- 
covered, e.g., by Cannon himself (2) 
and by Dempsey (3). It seems fairly 
plain that such measures as the regula- 
tion of production in order to dampen 
the cycle of boom and depression, the 
granting of award wages, the legal free- 
dom of worship are not adopted by the 
community for the good of all, but are 
produced by the fact that each of the 
various social groups is fanatically pur- 
suing its own interest, intriguing, form- 
ing and dissolving alliances, calling 
strikes and lockouts, and being forced 
into grudging and temporary compro- 
mises when it is unable to muster enough 
strength to win a clear victory. The 
rough stability of a society over a period 
of time’1s not the result of the society’s 
striving to retain its identity, or even 
its “acquiring its own momentum,” but 
is just a by-product of the many-sided 
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clash of sectional interests. There is 
nothing inexorable about their always 
balancing each other: some struggles are 
won and lost; societies do change 1m 
various respects and keep on changing 
and sometimes collapse and disappear; 
and so the clashing impulses in individ- 
ual men sometimes balance each other 
and sometimes do not; men do change 
as their lives progress, stop being artists, 
embrace religion and lose faith, abandon 
their neuroses and commit suicide. 

The doctrine of homeostasis at best 
only points to the facts of opposition 
and cooperation without advancing 
knowledge of the impulses whose ac- 
tivities these are; at worst, it hinders 
that inquiry by ignoring those impulses 
and concentrating on their resultant (oF 
even on their mere equilibrium), an 
by offering a pseudosolution of how the 
more or less stable resultants are mam- 
tained. 
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THE BRAIN ANALOGY: TRANSFER OF DIFFERENTIATION * 
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A previous paper (3) introduced the 
association tracts (AT’s) and dealt with 
three examples which involved a single 
US. The present Brain Analogy (BA) 
paper is based on a phenomenon, trans- 
fer of differentiation, which appears to 
involve two separate US. 

Fundamentally, the B 
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ditioned connections can exist only if 
the action of the delta cell is initiated 
prior to the action of the motor cell and 
is continued until the action of the two 
cells overlaps. Backward conditioning 
can have but a transient existence be- 
cause there are always random S, some 
of which are in action prior to motor 
cell activity, that gain control of the 
motor cell and disable more latent delta 
cells. We see here part of the com- 
petition between delta cells which forms 
the basis of stimulus differentiation in 
an appropriate experimental program; 
the other factor is selective extinction. 
Continued or repeated action of a con- 
ditioned delta cell without stimulation 
of the receptors of the contiguous motor 
cell causes extinction—returns the delta 
cell to its original potential-connection 
status. 

The distribution of the magnitudes of 
the properties of the sensory system is 
the responsible agent in the automatic 
creation of significant or rational func- 
tional connections between the sensory 
and motor systems. The delta cells 
that are actuated at the correct time 
are eligible to compete in the appro- 
priation of the motor cells and capable 


‘of holding them against the encroach- 


ments of all other delta cells. The 
mechanism operates on a probability 
basis so that if a signal is followed by 
reinforcement the components of the 
signal actuate populations of delta cells 
in proportion to the magnitudes of the 
components, and the motor cells are 
appropriated in the same proportions; 
later application of the signal evokes 
the appropriate CR. If a component of 
the signal is applied separately it will 
be found that the evoked CR is roughly 
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proportional to the magnitude of the 
component and is the result of the ac- 
tivity of the particular motor cells ap- 
propriated by that component. 

The .AT’s were introduced (3, first 
two sections) to cope with more com- 
plex phenomena than can be explained 
by simple sensory-motor (SM) condi- 
tioning. The AT’s are merely addi- 
tional branches of the sensory cells 
which lead to other sensory cell bodies 
where connections are effected by means 
of delta cells in a manner exactly the 
same as with connections to motor cells. 
As a result of these auxiliary connec- 
tions it becomes possible to establish 
conditioned connections from one sen- 
sory function to another as in sensory 
preconditioning. With the AT hy- 
pothesis it was found desirable to limit 
generalized connections to the AT’s, 
and hence all generalized CR’s are ef- 
fected from generalized sensory neurons 
through specific sensory neurons to 
motor neurons. 


Spread of stimulation from tone A 
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Fic. 1. The spread of auditory stimulation 
is possibly due, in part at least, to the fact 
that the basilar membrane deflects and stimu- 
Jates receptors embedded in areas adjacent to 
the “point” of stimulation. This “generaliza- 
tion” is probably of insufficient degree to ac- 
count for the facts without support from non- 
periphersl mechanisms. The intent in these 
figures is to simulate function rather than 
structure. 


In this paper generalization is as- 
sumed sufficient to permit any overt S 
to act as a substitute for another. If 
we are differentiating two auditory S, 
say, it is probable that certain receptors 
will be actuated by each S unless they 
are low in strength and far apart in fre- 
quency. Suppose two tones, A and B, 
are of equal strength and less than an 
octave apart. Referring to Fig. 1 we 
see that, to the nervous system, the 
sphere of influence of each tone over- 
laps that of the other (4, p. 44). 

The symbols used in the figures are 
the same as before (1). Briefly, the 
plus sign indicates a reinforced trial; 
minus, nonreinforced; zero, nonactu- 
ated; a parenthesis. indicates an occa- 
sional trial; S and ZŁ equal short and 
long latencies, respectively. 


TRANSFER OF DIFFERENTIATION 


Pavlov’s experiments on transfer of 
differentiation (5, p. 228) are concerned 
with two salivary functions. If these 
are entirely independent US, as implied 
by Pavlov, there is no ambiguity from 
that source in the following discussion. 
The experimental program consists 10 
establishing tone A, say, as the CS for 
food and then differentiating tone 
which has also become conditioned be- 
cause of both generalization and close- 
ness of physical relationship (4, p- 44). 
When the differentiation is established, 
A is given a series of trials in which it 1s 
followed by acid instead of food; this 
presumably causes the original salivary 
CR to become extinct and another quali- 
tatively different salivary reflex be- 
comes established. Upon testing again 
with C it is found that it does not elicit 
any response; the differentiation has 
been “transferred” to a new US. 

Pavlov demonstrated that a new and 
finer differentiation could then be estab- 
lished by applying an intermediate tone, 
B, occasionally, and not reinforcing with 


Tue BRAIN ANALOGY: TRANSFER OF DIFFERENTIATION 415 


acid. This new differentiation was 
found to be transferable back to the 
original US, food. , 
Our S situation corresponds with Fig. 
2 because overt A, B, and C are audi- 
tory S of less than an octave apart. 
None is ever actuated with another, 4 
is always followed by food (or later, 
acid), and overt B and C are never 
overtly reinforced. Ad 
Figure 3 shows that S differentiation 
takes place partly at the AT level rather 
than at the SM level as indicated earlier 
(1, p. 173). Overt A actuates 1, 2, 7, 
8, 9, 10, and 13. Neurons 2, 8, and 10, 
having long latency, are therefore A 
jects of competition by neurons 1,7, 9, 
and 73. The generalized group, 13, is 
not a small population and no gnoma 
of application of overt A will cause dif- 
ferentiation since 1, 7, 9 and 13 a 
components of a compound Sas vienes 
by 2, 8, and 10. Yet differentiation is 
always available by rendering, i 
and 13 unstable—by applying occas a 
ally overt tone C which simtea no 
13 (among others) but not J se 
forcement by US, is omitted. 


i nt only the shorter 
Aa bet pages CS to neu- 


d the general- 


Ted es d 8 because of 
extinct at neurons 2 an 
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occasional nonreinforced (ab: 
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T PaT a 12. Only 10 a 
nies the others will be disposed o 
idee, BTE any tS edt he 

t resente! y 
effected, the group pars pian 


i b 
bis appropriated 3 fferentiation, as a 


indicated above. ~~ 
z did not eliminate 9 and 13 from 
process, o because the latter 


haring control of 1 

aa ais stimulated by C and therefore 
reinforced the AT connections that were 
uated. Those portions of group 10 


ac ginally appropriated by 


which were ori 


Amplitude of S 


Fic. 2. Receptor properties, in effect, are 
partly a function of the magnitude and loca- 
tion in the sensory field of various stimuli and 


combinations of stimuli. For the particular 
program shown here, neuron 4 is generalized 
since A, B, or C will actuate it. Neurons 2 
and 5, on the other hand, are sensitive to 
only two of the stimuli. It is apparent that 
a reduction in magnitude of A and C will 
have the effect of changing 4 from a gen- 
eralized to a specialized neuron. This depend- 
ence of properties on the experimental pro- 
gram is of considerable significance in alter- 
ing the relative populations of delta cells 
available to the overt stimuli; the consequence 
js sometimes a marked difference in behavior. 


1 and 7 were not disabled, since 1 and 7 
are not actuated by C, and are therefore 
available for additional conditioned con- 
nections from any actuated, short la- 
tency, AT’s: 5, 9, 11, and 13. Connec- 
tions from 5 and 11 are supernumerary °? 
with respect to applied A but 9 and 13 
are redundant and probably most are 
extinctive since 7 and 7 were established 
competitively in step 7. At the con- 
clusion of differentiation the part of 
group 10 originally held by 7 and 7 is 
also held simultaneously by 5 and 11 in 


2It is necessary to distinguish between re- 
dundant and supernumerary conditioning. 
Both are characterized by the presence of two 
or more conditioned connections to one sen- 
sory or motor cell body, but the conditioning 
is described as redundant only when two or 
more conditioned connections are in action 
simultaneously, otherwise it is supernumerary. 
In the latter case the connections atè entirely 
without effect on one another in so far as re- 
inforcement and the disabling function are 
concerned. 
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Fic. 3. This figure is necessarily a condensed version of the theory of transfer of S differ- 


entiation and can be interpreted pro 
The conditioning symbols should be 
to a numbered step in the pro 
tween formal program steps. 


four combinations. This is a failure of 
differentiation at the AT level. It will 
be seen, though, that differentiation 
drives to extinction the SM connections 
from 10 to 14 because 10 is actuated by 
any S and reinforcement by US, is not 
inevitable. SM connections from 7 2 
7, and 8, not actuated when US, is ‘ab- 
sent, gradually gain exclusive control of 
14—no,,overt response follows applica- 
tion of overt C. 

Thus far we have covered only the 
first two steps in the experimental pro- 


perly only in conjunction with the argument in the text. 
read down the columns, each horizontal line corresponding 
gram}; no symbols are shown for the test trials interspersed be- 


gram. Before proceeding further some 
digressions are necessary. 

Allusion has been made before to the 
fact that AT conditioning is without 
significant effect unless the program 15 
altered. A related property is the fact 
that sensory cells, as a group, must be 
excited directly rather than through AT 
connections in order to form relatively 
stable, numerically significant SM con- 
nections. ‘The phenomenon does not 
seem to approach a limit, like habit 
saturation, and therefore a quantitative 
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approach is necessary. But this is im- 
possible until suitable parameters have 
been established; for the present we 
place another burden on intuition. 

Consider two sensory neurons, X and 
Y, and one motor neuron, Z. The pro- 
gram consists of trials of X and Y to- 
gether, interspersed with trials of Y and 
Z together. During the former trials 
an AT connection develops from Y to 
X; during the latter trials an SM con- 
nection is made from Y to Z, or, if the 
AT connection is functional, chance will 
determine whether X or Y becomes con- 
ditioned. Actually, the AT delta cell 
and the Y-group SM delta cell do not 
have to be, and usually would not be, 
parts of the same neuron. Some other 
neuron, F’, for example, could gain con- 
trol at the SM level. In any event, the 
AT and SM connections are subjected 
to an interspersed set of reinforced and 
nonreinforced trials: when the US is 
present the AT connection is not rein- 
forced by X and when the US is absent 
the SM connections are driven toward 
extinction regardless of whether the sen- 
sory neuron considered is excited di- 
rectly or through an AT connection. 
The circumstances of the assumed pro 
gram are such that a group, of X ea 
i control of Z, ev! 
cells = never excited directly when Z 
i ted. The effective degree o 
z aen i dent on the nature 
competition 1S depende.: 

ram. 
a l wil be observed that an a e 
t be more latent (or be actuate 

som y cell which acts as a 
oy ee m ’%s. But this has no 
CS through the ee relative 
effect at the SM level because 
latencies are without Pg a 
delta cell becomes conditioned, po 
vided its action is initiated prior to that 
of the motor cell. The first conditioned 
delta cell into action disables all other 
delta cells on the same cell body (1, 


Postulate 13). 
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The circuit from Y through X to Z 
has less stability than that from Y to Z, 
directly, because of the two delta cells 
in series. The probability of encounter- 
ing a short gamma phase cell is greater 
in the series path by a factor greater 
than one and less than two compared to 
the direct path. 

The maximum equality of stability 
occurs when X and Y are usually ac- 
tuated and the Y plus Z pair is seldom 
actuated. But this is the case when SM 
conditioning is nearly impossible to es- 
tablish. The minimum equality of sta- 
bility occurs when the above frequencies 
are reversed. In this case Y almost com- 
pletely excludes X from Z. When the 
trials alternate, the Y connection to Z 
has roughly twice the stability of the X 
connection to Z because of the gamma 
phase distribution. 

The typical differentiation program 
consists of reinforced trials interspersed 
with occasional nonreinforced trials. It 
is assumed that Pavlov’s data (5, p. 
228) correspond because no mention 
was made of any other procedure. With 
this assumption and the foregoing argu- 
ment, it is seen that the neurons which 
are reinforced only when excited indi- 
rectly are also the ones that are excited 
infrequently; the resultant is a mini- 
mum equality of stability. In other 
words, neurons 4, 6, and 12, represent- 
ing overt B and C, cannot have sig- 
nificant access to 14 or 15 and there- 
fore they are shown without input con- 
nections from the AT’s in spite of the 
fact that such connections might be 
functional at times. 

Neurons 1, 3, 5, 7, 9, and 11 are 
shown without AT connections to their 
cell bodies because short latencies pre- 
vent stable conditioning from any other 
neurons in Fig. 3. 

Returning again to the first step in 
the program, neurons 1, 7, 9° and 13 
are seen as components of a compound 
S as viewed by neuron 2. They gain 
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joint control of 2 which, in the second 
step, becomes restricted to 7 and 7. In 
the third step the latter two disable 9 
and 13, preventing renewed access. The 
fourth step drives the connection from 
7 to extinction leaving 7 in sole posses- 
sion of 2. 

Neuron 8 has a more complex history. 
The first three steps exactly parallel 
neuron 2 but the fourth step does not 
drive 7 to extinction because 8 is ac- 
tuated by B. Neuron 8 then represents 
two portions. The first consists of those 
appropriated by 7 and continued in 
power by the program; the second con- 
sists of those appropriated by 1 which, 
not being actuated, cannot disable AT 
connections and therefore 3, 7, 9, 11, 
and 13 gain access.to 8. The resulting 
conditioning from 7, 9, and 13 is re- 
dundant in the fifth step but repeated 
application of A, in accordance with the 
program, eliminates the redundancy. 
The second portion of 8 is thereby con- 
signed to neurons 1, 7, 9, and 13 in pro- 
portion to their populations. Although 
the redundant connections are elimi- 
nated, the supernumerary ones are not; 
these are 3 and 11 which are silent part- 
ners of 1 in connections to 8. It is 
easily seen that all or part of 8 can be 
actuated by overt A, B, or C after the 
fifth step in the program. With so little 
known concerning the mechanism that 
limits S differentiation, there is no re- 
course but to continue to appeal to the 
fact that differentiation does have limi- 
tations and it is not inconsistent to point 
to the relative populations as pertinent 
to the problem: when A, B, and C are 
too close in frequency the Populations 
of 7, 8, 9, and 10 are too large for effec- 
tive transfer of differentiation, 

Neuron 10 is actuated on every trial 
without exception. The explanation of 
of the resulting behavior of the AT con- 
ditionin# is somewhat tedious and of 
little interest. It suffices to note that 
since 10 invariably responds it is neces- 


sarily driven to extinction in its connec- 
tions to 14 and 15 if the latter two are 
sometimes not actuated and if any other 
sensory cell can acquire stable connec- 
tions. These conditions are met in steps 
two and four, only. In the fifth step 10 
aligns itself with 3 in opposing trans- 
fer of differentiation but it has a still 
smaller population. 

The SM conditioning is relatively 
simple. In the first step neurons 1, 2, 
7, 8, 9, and 10 are components of 4 
compound S as viewed by 14. The 
second step eliminates the connections 
from 9 and 10, transferring the unap- 
propriated motor cells to 1, 2, 7, and 8. 
A test application of C reveals the dif- 
ferentiation but a test of B actuates 7 
and 8, and some of 2 through an A 
connection from 7, resulting in overt re- 
sponse of 14. The third step drives all 
components to extinction on 14 and 
gives 1, 2, 7, 8, 9, and 10 access to 15. 
Since neurons 9. and 10 are not denied 
access to 15 it appears that transfer of 
differentiation has failed. And so it 
has, if 9 and 10 are large components. 
The magnitude of these components 1S 
roughly inversely proportional to the 
frequency difference between A and 
with the result that the process ap- 
proaches a limit as C approaches some 
value near A (in separate experiments). 
But while the SM differentiation was 
lost in the transfer, the AT differentia- 
tion remained untouched. Those out- 
lets that C might have, by means of AT 
conditioning, through connections from 
9 and 13 to 2 and 8 were driven to ex- 
tinction before the transfer and sub- 
sequently were denied access by means 
of the disabling functions in 2 and 8. 
As long as 9 and 10 are relatively small 
components transfer of differentiation 
is successful. As the frequency differ- 
ence between overt A and C is reduced, 
in separate experiments, the populations 
of 9 and 10 increase and the ability 
to discriminate decreases. Finally, the 
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animal exhibits “defense” reactions and 
it is conjectured that these interfere 
with a smooth transition. 

The fourth step in the program drives 
to extinction the SM conditioning from 
7, 8, 9, and 10 to 15 and the AT con- 
nections from overt B to 2 follow the 
same course. The fifth step breaks all 
connections to 15 and re-establishes con- 
nections from 1, 2, 7, 8, 9, and 10 to 14. 
But 1, disabling all other AT connec- 
tions to 2, prevents a test application 
of overt B or C from causing a response 
through 2. The direct connections from 
7, 8,9, and 10 to 14, as indicated earlier, 
oppose transfer of differentiation. If a 
considerable part of the response to tests 
is through AT connections to 2, and 
these connections are broken, the re- 
sponse should decline perceptibly. 

Since 9, 10, and 13 are in effect all 
generalized neurons, and since 9 and 10 
have all the properties of 13 plus some 
additional properties, 13 seems super- 
fluous, But this is decidedly not the 
case, The relatively large population 
of 13 has a significant function: it per- 
mits effective generalization through AT 
connections without at the same time 
preventing transfer of differentiation. 


Transfer of differentiation is possi- 
ble because of the existence of a tela- 
tively large population of generalize 
neurons which have no direct connection 


to any motor cell. 


Discussion 


Several difficulties afflict the a py 
pothesis as delineated in this and the 
preceding paper 3); three are ma 
tioned here. First, it 1s apparent that 
if AT connections are made from short 
latency A neurons to longer latency A 


neurons during “primary” conditioning, 
B neurons cannot then gain access to 
any A neurons excepting those of short 
enough latency to avoid capture by 
other A neurons. While external access 
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to A is this severely limited, it may not 
be serious because of the connections 
internal to the A group. 

Second, the AT’s tend to reduce the 
latency of the overt response because a 
signal can avoid the delay of the long 
latency elements by a traverse through 
the short latency neurons and their AT’s. 
The situation here is similar to the gen- 
eral case of a delayed CR. The reader 
can easily determine for himself that 
monopolar neurons are not adequate for 
delayed reflexes because all neurons being 
actuated for the same length of time 
regardless of latency, and long enough 
to overlap the US, are also subject to 
decrement for equal intervals. Those 
neurons possessing a long enough gamma 
phase gain control of the motor cells, 
but there is no differential action where 
latency is concerned and, therefore, the 
CR after training is actuated gradually 
and without any definite delay period. 
A nonresponsive delay period is assured 
by the simple expedient of excitatory 
bipolars which have two latencies in- 
dividually subject to the usual distribu- 
tion function. Those with a short over- 
lap of paired latencies which is appro- 
priately timed for the particular delay 
program are actuated briefly and only 
after considerable delay, hence they do 
not deplete the gamma phase and do 
not excite the response too soon; they 
are differentially favored on a latency 
basis in the struggle for control of the 
motor cells. It seems possible that the 
same mechanism may be applied to the 
AT’s to prevent premature response. 

Third, there are transient phenomena 
with which to cope. In Fig. 3, neuron 
14, it is shown symbolically that the 
connections from 1, 2, 7, and 8 are oc- 
casionally not actuated on the second 
step of the program. In this case, and 
similarly for Fig. 4 of the preceding 
paper (3), the nonactuated stage is not 
reached until after the AT connections 
are broken, and therefore a transient 
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nonreinforced condition exists. How- 
ever, the symbols correctly indicate the 
status after the initial transient. In 
this connection it is again worth noting 
that while single occasional nonrein- 
forced trials drive some delta cells to 
extinction, many have a sufficiently long 
gamma phase to be unaffected; there- 
fore, the habit is given an increment of 
immunity to single nonreinforced trials. 
To avoid this obstruction to differentia- 
tion it is necessary to apply several suc- 
cessive nonreinforced trials (1, p- 170). 


COMPLEX GENERALIZED NEURONS 


Another paper (3) mentioned the 
need for more complex structures to 
cope with both laboratory and “natural” 
environments and gave a definition of 
a monopolar, generalized neuron suita- 
ble for use in elementary environments. 
Since the requirements for bipolar gen- 
eralized neurons have, not been studied 
thoroughly, no definition is offered. 
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Fic. 4. When all the facts are not known, 
a number of possible explanations can exist 
for the same phenomenon. It is postulated in 
this figure that any auditory stimulus excites 
the entire auditory field. The variation in 
magnitude of stimulation serves to classify 
the neurons in a functional manner not con- 
templated in their structures, Neuron 2 is 
generalized and driven to extinction by the 
method of contrasts though it has precisely 
the same internal properties as neuron 1 
which gains control of the response. 
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For the present paper it suffices to in- 
troduce the subject and indicate its sig- 
nificance. - 

Conditioning to tone A, say, shows 
generalization over most, if not all, of 
the audio spectrum (5, p. 113). If this 
result were attributed to direct stimula- 
tion of the entire basilar membrane, 
and if only monopolars are postulated, 
it is still possible to apply any tone with- 
out getting a response from all auditory 
neurons because of the gradient of 
stimulation and the distribution of 
thresholds as shown in Fig.4. Then it is 
also possible to effect differentiation, be- 
cause some neurons that are actuated on 
reinforced trials receive no stimulation 
on nonreinforced trials—these are stable 
and gain exclusive control of the motor 
cells in a laboratory environment. 
Galambos and Davis (4, p. 44) have 
shown that receptors are not excited by 
all tones, even though the receptors 
have low thresholds; but this does not 
tule out the possibility that “point 
stimulation spreads to other neurons at 
subsequent stages in the nervous ‘sys 
tem and therefore acts like direct stimu- 
lation of the entire basilar membrane. 

Neuron 2, in Fig. 4, though struc- 
turally identical with the others, be- 
cause of its location and threshold acts 
like a generalized neuron. In a natural 
environment it is rapidly driven to ex- 
tinction—differentiation is effected— 
and 1, having a somewhat higher thresh- 
old, survives longer but ultimately 
shares the same fate. 

At least the gross aspects of general- 
ization and differentiation are portrayed 
by several possible mechanisms and the 
author cannot as yet show an array of 
evidence that elects any one of the 
group. The subject needs much more 
study, especially so in view of the proba- 
bility that more than one mechanism 1s 
in use. For practical reasons the funda- 
mental properties originally postulated 
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fact. It will be observed that a gen- 
eralized neuron now has its ear a 
tion property confined to one pole a a 
bipolar neuron 50 that its action is de- 
pendent on an additional factor in the 
environment. At the same time gen- 
eralization, as 2 phenomenon, 1s not re- 

ecause there are many gen- 
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properties to cover the action of all 
sensory fields. It is realized that many 
of these BA concepts are arbitrary, some 
possibly in the extreme, but they seem 
to be useful even now and it is hoped 
that by successive approximations they 
will in time bear a greater semblance to 
reality—whatever it may be. 


CONCLUSION 


Science displays numerous instances 
where mutually exclusive concepts are 
found to be limited in scope so that both 
points of view are finally merged in sub- 
sequent theories. Since the original 
concepts have some substantial basis in 
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fact, we do not expect subsequent theo- 
ties to be fabricated from entirely for- 
eign elements. We do expect them to 
unite in.one system some of. the ele- 
ments which had previously been con- 
sidered to be mutually incompatible. 
One such example is the AT hypothesis 
which demonstrates the probable co- 
existence of a neural mechanism which 
conditions only in the presence of con- 
ventional overt reinforcement and of 
another mechanism which denies the 
necessity for such reinforcement. 

The AT’s and the experimental data 
on which they are based again empha- 
size the concept that reinforcement is 
essentially no more than the coincidence 
of two neural events. It is believed 
that the tendency to consider various 
external agents as reinforcement is an- 
thropomorphic in origin and is responsi- 
ble for the fact that one external agent, 
food for example, is classified as rein- 
forcement in various situations without 
sufficient concern for other factors (2, 
p. 458). The importance of consider- 
ing the S situation as viewed by the 
nervous system cannot be overstressed. 

The slight degree of genuine under- 
standing that exists concerning the na- 
ture of intelligence is illustrated by the 
ease with which we can ask questions 
that embarrass a theory. For example: 
if sensory association exists, as postu- 
lated, why do we not see a flash of light 
after a particular S if the two had previ- 
ously been associated? This question 
may have kept others from making a 
conjecture as to the nature of the 
mechanism. Possibly the author should 
follow suit, for it is only too apparent 
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that either the hypothesis is inadequate 
or the point of view is incorrect. 

These disquieting facts breed skep- 
ticism—and rightly so. However, the 
Brain Analogy should be viewed not as 
possessing any finality, but as an effec- 
tive instrument for research, as a means 
of avoiding some of the inconsistencies 
of verbal arguments, and as a founda- 
tion for the establishment of the inter- 
changeable constants that characterize 
the more mature sciences. If the pres- 
ent paper does no more than suggest 
significant lines for experimental at- 
tack, it is worth the effort. 


SUMMARY 


The phenomenon of transfer of stimu- 
lus differentiation is explained in terms 
of the Brain Analogy theory. It is 
shown to be a property of the same 
structure, the association tracts, which 
accounts for the phenomena of second- 
ary conditioning, conditioned inhibition, 
and sensory preconditioning. 
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A COMMENT ON BURKE’S ADDITIVE SCALES AND STATISTICS 


s 


VIRGINIA L. SENDERS s 
Antioch College o o 


Burke, in a recent article (1), states 
that “statistical technique begins and 
ends with numbers and with statements 
about them.” Therefore, he concludes, 
“the properties of a set of numbers as a 
measurement scale should have no ef- 
fect upon the choice of statistical tech- 
niques for representing and interpreting 
the numbers.” Again, referring to sta- 
tistical interpretation, Burke states that 
“the use of the sample mean and stand- 
ard deviation does no violence upon the 
data, whatever the properties of the 
measurement scale. Thus, the use of 
the usual statistical tests is limited only 
by the well-known statistical restric- 
tions” (italics mine). 

Some rather unfortunate implications 
follow from Burke’s position. When 
numbers have been assigned to objects 
according to some stated rules these 
numbers can indeed be manipulated in 
any way we desire. But once the ma- 
nipulations have been completed and 
the tests made, a dilemma arises. If 
we have performed operations on the 
numbers which we could not perform 
on the objects, we must choose between 
two interpretive procedures. We must 
either assume that (a) what is true of 
the numbers is also true of the objects, 
or (b): what is true of the numbers is 
not necessarily true of the objects. 

The first assumption leads to all sorts 
of difficulties, which have been ade- 
quately described by Campbell (2), 
Stevens (4), Reese (3), and others. 
These difficulties may be illustrated, in 
oversimplified form, by two examples, 
one numerical and one geometric. 

Suppose we have a measurement scale 
which has ordinal but not interval or 
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2 


additive properties. 
is illustrated below: 


$ 2 


Such a yardstick 
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An object is measured by laying it 
against this yardstick in the usual way. 
We are given. two pairs of objects, A 
and B, whose lengths are: 


3 
3 A 


and 


5 B: 


The numbers assigned to the objects 
total 6 in both cases, but inspection 
will reveal that the additions of the 
objects will give a longer line in case 
A than in case B. 

Thus the statement that there is no 
difference between the sums of the num- 
bers used to represent length in the two 
cases is correct, but strongly suggests 
the erroneous conclusion that if the two 
summed lines were laid side by side, no 
difference could be discerned between 
them. 

The absurdity of possible conclusions 
may also be revealed by a numerical 
example. Suppose families are grouped 
according to income on a scale where 
the number 5 means “very rich” and 
number 1, “very poor.” The actual in- 
come intervals, however, are unequal, 
as follows: i 


Number Income limits Midpoint 
5 $5,000-$1,000,000 $502,50 
4 3,000- "5,000 47000 
3 2,000- 3,000 2,500 
2 1,000- 2,000 1,500 
1 0- 1,000 500 
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In town A all the families have, incomes 
which fall in class 3, while in town B 
half the families have incomes in class 
5, and half, incomes in class 1. Both 
towns will have a mean of 3 it we con- 
sider only the numbers assigned to the 
categories, but it is evident that town 
B, with a mean income of $251,000 is 
richer than town A with a mean income 
of $2,500. 

If we accept conclusion b, on the 
other hand, we are in an even more 
ridiculous position. Though our sta- 
tistical procedures may have been per- 
fectly justified and our interpretations 
correct when considered strictly in rela- 
tion to the numbers, we can make no 
interpretation about the properties of 
the objects to which the numbers have 
been assigned. As psychologists, we 
can draw no conclusions about re- 
sponses, organisms, or behavior, but 

~~ only about numbers. 

Since psychologists are presumably 
more interested in the behavior they de- 
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scribe with numbers than in the num- 
bers themselves, they will learn more if 
their statistical techniques correspond 
with the propertięs of the set of num- 
bers as a measurement scale than if 
these properties “have no effect upon 
the choice of statistical techniques for 
representing and interpreting the num- 
bers.” 
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